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The Massachusetts Institute of Technology held its first 
meeting on April 8, 1862. By the act of incorporation, which 
was accepted at this meeting, the Society of Arts was created 
as a part of the Institute coordinate with the School of Industrial 
Science. 

The objects of the Society are to awaken and maintain an 
active interest in the sciences and their practical applications, and 
to aid generally in their advancement in connection with the arts, 
agriculture, manufactures, and commerce. Regular meetings are 
held semi-monthly from October to May. 

The Society discontinued the publication of the Abstracts of 
Proceedings in 1891, and since then has published its proceedings 
and the principal papers read at its meetings in the Tuhnology 
Quarterly. The present volume contains the proceedings from 
October, 1904, to May, 1905, inclusive. 

The Quarterly contains, also, the results of scientific investi- 
gations carried on at the Institute, and other papers of interest 
to its graduates and friends. 

Neither the Massachusetts Institute of Technology nor the 
Society of Arts assumes ' any responsibility for the opinions or 
statements in the papers. 
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Objects of the Society. 

The objects of the Society are to awaken and maintain an active 
interest in the practical sciences, and to aid generally in their advance- 
ment and development in connection with arts, agriculture, manufac- 
tures, and commerce. 

The Society invites all who have any valuable knowledge of this 
kind, which they are willing to contribute, to attend its meetings and 
become members. Persons having valuable inventions or discoveries 
which they wish to explain will find a suitable occasion in the Society 
meetings, subject to regulations hereafter provided ; and while the 
Society will never indorse, by vote or diploma or other official recog- 
nition, any invention, discovery, theory, or machine, it will give every 
facility to those who wish to discuss the principles and intentions of 
their own machines or inventions, and will endeavor at its meetings, 
or through properly constituted committees, to show how far any 
communications made to it are likely to prove of real service to the 
community. 

Section I. — Administration. 

The immediate management and control of the affairs of the 
Society of Arts shall be exercised by an Executive Committee, con- 
sisting of the President of the Institute and the Secretary of the 
Society (who shall be members ex officiis)^ and five other members, 
who shall be elected by the Society of Arts at each annual meeting, 
to continue in office until other persons have been chosen in their 
place. 

Sect. II. — Duties of the Executive Committee. 

The Executive Committee shall elect its chairman, prescribe his 
duties, and, with the concurrence of the Treasurer of the Institute, 
fix his compensation when the interests of the Society require that 
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iv By-Laws. 

he should be paid for his services; they may invite any person to 
preside at any ordinary meeting who is well versed in the subjects 
to be discussed; they shall appoint the days and times of meeting, 
when not fixed by the Society, and determine the subjects to be con- 
sidered at the meetings and the mode of conducting the discussions; 
they may, with the concurrence of the President of the Institute, 
make such arrangements for reporting and publishing the proceedings 
of the Society as they may deem best suited to advance its interests ; 
they may receive moneys in behalf of the Society in aid of its objects, 
by subscription, donation, or bequest; they shall make a report of 
their doings to the Society at its annual meeting and at such other 
times as a report may be called for by a majority of the members pres- 
ent at any meeting; they shall also make a report of their doings to 
the President of the Institute prior to the annual meeting, and at such 
other times as the Corporation may require it. Three members shall 
constitute a quorum for the transaction of business. 

Sect. III. — Duties of the President and Secretary. 

1. It shall be the duty of the President of the Institute to preside 
at the annual and the special meetings of the Society, and also at its 
ordinary ifteetings when the Executive Committee does not invite a 
Special chaintian to preside. 

2. It shall be the duty of the Secretary of the Society to ghre 
notice of and attend all meetings of the Society and of the Executive 
Committee ; to keep a record of the business and orders of each meet- 
ing, and read the same at the next meeting ; to keep a list of the mem- 
bers of the Society, and notify them of their election and of theff 
appointment on committees ; and generally to devote his best efforts^ 
under the direction of the Executive Committee, to forwarding the 
business and advancing the interests of the Society. He shall also 
record the names of the Executive Committee attending each meeting. 



Sect. IV. — Funds of the Society, 

All the fees and assessments of members, and all moneys received 
by subscription^ donation, or otherwise, in aid of the Society, shall be 
paid into the treasury of the Corporation, to be held and used for the 
objects of the Society under the direction of the Executive Commit- 
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A member neglecting to pay his annual assessment for six months 
after being notified that the same is due shall be regarded as ha\ing 
withdrawn his membership, unless otherwise decided by the Execu- 
tive Committee, which shall be authorized, for cause shown, to remit 
the assessments for any one year ; and which shall moreover be em- 
powered to exempt particular members from assessments whenever 
their claims and the interests of the Society make it proper to do so. 

Sect. VII. — Election of the Executive Committee and of 

THE Secretary. 

1. At an ordinary meeting of the Society, preceding the annual 
ipeeting, a nominating committee of ^ve shall be chosen, whose duty 
it shall be to nominate candidates for the Executive Committee, to post 
a list of the names selected in the office of the Secretary, and to fur- 
nish printed copies thereof to the members at or before the time of 
election. 

2. At a meeting at which an election is to take place the presiding 
officer shall appoint a committee to collect and count the votes and 
report the names and the number of vcHes for each candidate, where- 
upon he shall announce the same to the meeting. 

3. A majority of the votes cast shall be necessary to an election. 

4. In the first organization under these By-Laws, the Executive 
Committee may be elected at an ordinary or special meeting. 

5. Vacancies in the committee occurring during the year may be 
filled by the Society at an ordinary meeting. 

6. The Secretary shall be elected by the Society, on nomination 
by the Executive Committee, at each annual meeting of the Society, 
or, in case of a vacancy during the session, at such other time as the 
Executive Committee may appoint ; and he shall be reeligible in the 
same way at the pleasure of the Society. 

7. The compensation of the Secretary shall be fixed from year to 
year by the Executive Committee with the concurrence of the Treas- 
urer of the Institute. 

Sect. VIII. — Committees of Arts. 

I. The Members of the Society of Arts may be enrolled in divi- 
sions, under the following heads, according to the taste or preference of 
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the individual ; each division to constitute a committee upon the sub- 
jects to which it appertains : . 

(i) On Mineral Materials, Mining, and the Manufacture of Iron, 
Copper, and other Metals. 

(2) On Organic Materials — their culture and preparation. 

(3) On Tools and Implements. 

(4) On Machinery and Motive Powers. 

(5) On Textile Manufactures. 

(6) On Manufactures of Wood, Leather, Paper, India Rubber, and 
Gutta Percha. 

(7) On Pottery, Glass, Jewelry, and works in the Precious Metals. 

(8) On Chemical Products and Processes. 

(9) On Household Economy ; including Warming, Illumination, 
Water-Supply, Drainage, Ventilation, and the Preparation and Preser- 
vation of Food. 

(10) On Engineering, Architecture, and Ship-building. 

(11) On Commerce, Marine Navigation, and Inland Transporta- 
tion. 

(12) On Agriculture and Rural Affairs. 
{13) On the Graphic and Fine Arts. 

(14) On Ordnance, Firearms, and Military Equipments. 

(15) On Physical Apparatus. 

2. Any member may belong to more than one of the above-named 
Committees of Arts, but shall not at the same time be eligible as chair- 
man in more than one. 

3. It shall be competent for each Committee of Arts, of ten or 
more members entitled to vote, to organize ; to elect annually in Octo- 
ber, or whenever a vacancy shall occur, a chairman ; to appoint its own 
meetings; and to frame its own By-Laws, provided the same do not 
conflict with the regulations of the Society of Arts. 

Sect. IX. — Amendment and Repeal.' 

I. These By-Laws may be amended or repealed, or other pro- 
visions added, by a vote of three-fourths of the members present at 
any regular meeting of the Society ; provided that such changes shall 
have be;en recommended and approved in accordance with the By-Laws 
of the Corporation (see extract from By-Laws of Corporation as 
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printed beiow) and presented in writixig at a preceding TFf^Z 9^ 
the Society. 

2. These By-Laws shall take efifect immediately after their ap- 
proval by the Corporation and adoption by the Society, and all previous 
By-Laws are hereby repealed. 

As amended December p, iBg^, 



Extract from the By-Laws of the Corporation. 

Sect. VL — There shall be a Committee on the Society of Arts 
consisting of five members, appointed at the annual meeting of the 
Corporation, to hold office for one year, who shall have the general 
charge and supervision of the organization and proceedings of the 
Society, subject to the approval of the Corporation. It shall be their 
duty, in connection with a committee chosen by the Society, to frame 
By-Laws for the government of the Society, which shall take eflFect 
when adopted by the Society and approved by the Corporation. 

Revised February /, iBg4» 
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Boston, October 13, 1904. 

The 598th regular meeting of the Society of Arts was held in 
Room 22, Walker Building, on Thursday evening, October 13, at 
eight o'clock, President Pritchett in the chair. Forty-two persons 
were present. 

After the minutes of the previous meeting had been read and 
approved, Mr. Alfred D. Nutter and Mr. Robert S. Allyn were elected 
to Associate Membership in the Society. 

Professor Thomas A. Jaggar, Jr., then addressed the Society on 
** Geology as an Experimental Science," and showed by means of slides 
how the processes of erosion, faulting, and upheaval may be studied 
experimentally. A vote of thanks was tendered to the speaker, and 
the meeting adjourned. 
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Boston, October 27, 1904. 

The 599th regular meeting of the Sociktv ok Arts was held in 
Room 22, Walker Building, on Thursday evening, October 27, at eight 
o'clock. Professor Cross was in the chair. One hundred and six 
persons were present. 

The minutes of the previous meeting were read and approved. 
The chairman then presented Mr. Albert H. Munsell, of Boston, who 
addressed the Society on "A Practical Color System based upon Photo- 
metric Measurements." ^ The lecture was illustrated by apparatus, 
models, diagrams, and experiments. An interesting discussion followed 
the lecture. A vote of thanks was tendered to the speaker, and the 
meeting was adjourned. 



Boston, November 10, 1904. 

The 600th regular meeting of the Societv of Arts was held at 
Huntington Hall, Rogers Building, on Thursday evening, November 10, 
at eight o'clock. About two hundred persons were present. Professor 
Porter, of the Department of Sanitary Engineering, presided. The 
minutes of the previous meeting were read and approved. 

The Society then listened to a very interesting and instructive 
address by Mr. J. Pickering Putnam, architect, of Boston, who spoke 
on " Sanitary Plumbing and Our Plumbing Laws, with Suggestions for 
Their Revision and Simplification." ^ The lecture was illustrated with 
lantern slides and with special apparatus constructed for this occasion, 
which showed the phenomena connected with trap siphonage and 
demonstrated that simpler methods of plumbing may be substituted 
for the present complicated ones with no diminution of the safety 
attained. After the address a discussion of the subject was partici- 
pated in by Professor T. M. Clarke, Mr. J. Randolph Coolidge, Jr., 
Dr. T. M. Rotch, Mr. David Craig, President of the Master Plumbers* 
Association of America, Mr. Arthur G. Everett, Mr. W. H. Say ward, 
from the Master Buiklers' Association, and Dr. J. J. Putnam. A vote 
of thanks was extended to the speaker, and the Society adjourned. 



^ See below, pp. 60-72. 

2 Technology Quarterly, 17, No. 4, December, 1904, pp. 308-332. 
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Boston, November 23, 1904. 

The 60 1 St regular meeting of the Society of Arts was held in 
the lecture room of the Boston . Society of Natural History, corner of 
Boylston and Berkeley Streets, on Wednesday evening, November 23d, 
1904, at eight o'clock. About two hundred persons were present. The 
records of the previous meeting were read and approved. 

The Society then listened to an extremely interesting address by 
Mr. Desmond FitzGerald, C.E., the Special Sanitary Commissioner to 
the Philippine Islands, " On Manila and the Philippines as They Are 
Today." The speaker described the sanitary condition of Manila, and 
sjxjke of the work of the government in various departments. The 
lecture was illustrated with a large number of interesting lantern 
slides. A vote of thanks was extended to the speaker, and the 
Society adjourned. 



Boston, December 8, 1904. 

The 6o2d regular meeting of the Society of Arts was held in 
Room 22, Walker Building, on Thursday evening, December 8, 1904, 
at eight o'clock, Professor Jaggar in the chair. About two hundred 
persons were present. The records of the previous meeting were read 
and approved. 

The Society then listened to an extremely interesting address by 
Mr. Edmund Otis Hovey, of the American Museum of Natural His- 
tory, New York, on "Mont Pel^e and the Eniptions of 1902; the 
Growth of the Wonderful Spine." The lecture was illustrated with 
a large number of interesting lantern slides. A vote of thanks was 
extended to the speaker, and the Society adjourned. 



Boston, January 12, 1905. 
The 603d regular meeting of the Society of Arts was held in 
Room 22, Walker Building, on Thursday evening, January 12, 1905, 
at eight o'clock. Dr. R. P. Bigelow presided. About forty-five per- 
sons were present. The records of the previous meeting were read 
and approved. 
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The Society then listened to an address by Dr. H. J. Webber, of 
the Division of Plant Breeding, Department of Agriculture at Wash- 
ington, on "The Evolution and Improvement of Domestic Plants." 
Dr. Webber discussed the methods by which new varieties of plants 
are produced, and described in detail the experiments carried on by 
the Department of Agriculture with a view to obtaining new kinds of 
plants of economic imix)rtance, such as cotton, cereals, fruits, and the 
like. The lecture was fully illustrated by lantern slides, many of which 
showed successive stages in development which have been produced by 
cultivation. A vote of thanks was extended to the speaker for his very 
interesting address, and the Society adjourned. 

Samuel C. Prescott, Secretary, 
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Introdlxtion 

In the biolopcal treatment of sewage, a large number of complex 
chemical reactions occur, and many tyixjs of bacteria are active, some 
of them playing a good part in the j)urification, while others exert a 
hindering action. Hitherto the analyst has relied on chemical methods, 
in order to judge of the degree of purification accomplished by a given 
sewage system, and indeed, so far as they go, the chemical methods 
have been sufficient for that purpose. In the use of the so-called 
biological sewage-<lisposal systems, however, with their more scientific 
control, it has been found that the chemical meth(xls of the present 
time are inadequate, inasmuch as they do not show what processes are 
active within the filtration plant further than can be shown by the 
end products — that is, they do not show in what manner those end 
products are produced, nor do they indicate in what manner the inter- 
mediate processes may be controlled in order to accomplish the greatest 
amount of purification in the most economical manner. While much 
knowledge of the methods of filter control has been obtained, this knowl- 
edge has been acquired by the cut and trj- method rather than by the 
study of the processes going on in the filters and of the different types 
of bacteria which are responsible for the various tyix,\s of reaction. 

It has often been noticed that while one method will dispose of 
a certain sewage in a satisfactor}' manner, a ver)' different result is 
obtained when we attempt to treat a different sewage by this process, 
and this has led to the axiom that the problem of finding a satisfactory 
method of disposal is an individual one for each sewage. The reason 
for this is twofold : first, the very great variation in the character and 
amount of the comjX)nents of the sewage ; and second, the difference 
in the active bacterial flora of that sewage. 

During the past few years much study has been given to the 
bacteriology of sewage at the Lawrence Experiment Station, and re- 
cently new methods have been devised for the study of the functions 
of the bacteria concerned in the purification of sewage, and these 
methcxls, with some of the results obtained by their use, have already 
been published.^ In the treatment of sewage, the main problem is to 
accomplish the change of the nitrogenous matter from the organic 
to the inorganic form, since in the process of changing the form of 
the nitrogen the carbonaceous matter, except perhaps a very small 



^ For this reference and those following see Bibliography, p. 37. 
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portion, is usually taken care of. Thus a knowledge of the bacterial 
flora of sew'agc and of the changes which different tyi>es of bacteria 
may cause in the form of the nitrogen of that sewage becomes of 
considerable importance in the proper control of those changes. The 
greatest difficulty in investigations of this character is the uncertainty 
as to the organisms in the sewage. The least change in the conditions 
of the exjDeriment and new species of bacteria develop, with jDerhaps 
a total change in the character of the chemical reactions produced — 
assuming that the experiment is conducted under conditions similar to 
those under which sewage disposal systems are oixirated. In order 
to understand the fundamental principles of sewage purification, it be- 
comes necessary to study the functions of the various species of bacteria 
in pure culture and under conditions which can be controlled, for it is 
only by such methods that data may be obtained sufficiently exact to 
be used in an analysis of the more complex problems where mixed 
cultures of bacteria are active and the products of their activity react 
upon one another. The present paper has to deal with the changes 
caused in the nitrogen content of known solutions by pure cultures 
of bacteria. 

Methods of Investigation 

The method employed in this experiment has been to inoculate with 
pure cultures of bacteria two solutions, one {A) containing nitrogen in 
the form of peptone, and the other (/>') containing peptone and nitro- 
gen in the form of potassium nitrate, and to determine accurately from 
day to day the changes taking place in the nitrogen contents of the 
solutions so far as could be judged by making quantitative tests of 
the amount of nitrogen present in the solutions as ammonia, as nitrates, 
and as nitrites, and by determining at the end of a stated period the 
total amount of organic nitrogen in the solutions by the Kjeldahl 
method. 

The peptone solutions {A) have been uniformly com^wsed of o.i per 
cent, of \Vitte*s peptone, in distilled water, with an organic nitrogen 
value of ab(3ut fourteen parts of nitrogen per 100,000 as determined 
by the Kjeldahl method. It is well known that commercial jxiptones 
are not pure, and that they contain considerable amounts of albumoses 
Lind of other hydrolized albumens. This fact, however, is an advantage 
rather than a detriment in a study such as the present, since the cul- 
tural solutions simulate more closely the character of sewage, and arc 
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at the same time of sufficiently definite comi^isition to allow of their 
being readily duplicated in the lalx)rat()r)'. 

The nitrated solutions {B) have been made up the same as the 
peptone solutions, with o. i per cent, of Witte's |)eptone in distilled 
water, and have been of three different strengths at different periods 
of the investigation, containing nitrogen as {potassium nitrate equivalent 
to 2.7, 6.0, and 22.5 parts jxt 100,000. 

The cultures selected were first purified by plating out on gelatin, 
and were then subjected to a thorough course of revivification by suc- 
cessive cultivations in broth, after which they were transferred to agar, 
streaks. Glass-stoppered bottles, containing alx)ut 100 c.c. of the 
peptone solution and of the nitrated peptone solution, were then inocu- 
lated with a large loopful of the culture from the surface of the agar 
streaks, and, after thoroughly shaking, the bottle cultures were incu- 
bated at 20** C. Portions for analysis were removed from each bottle 
daily with sterile pijXittes, each culture being thoroughly shaken before 
the sample was removed. At the end of the experiment, determina- 
tions were made of the total organic nitrogen in both cultures and 
uninoculated solutions. 

By the use of jxiptone solutions of known strength both with and 
without nitrates, we have been able to determine approximately : ( i ) the 
amount of ammonia formed from the organic matter, that is, from the 
peptone ; (2) the amount of ammonia formed from organic matter plus 
that formed by reduction of nitrates to nitrites ; and (3) by subtracting 
the amount of ammonia formed from the peptone from that formed 
in the nitrated peptone solution, we obtain a value for the ammonia 
formed from the nitrates, although there is a large error in the use 
of this value, as will be shown further on ; (4) we also obtain a value 
for the amount of nitrates destroyed by the culture by subtracting the 
amount of nitrate in the solution from that at the start ; and (5) we 
get the amount of nitrites by direct reading. (6) By subtracting the 
sum of the nitrites and the estimated amount of ammonia formed from 
the nitrates from the total amount of nitrate reduced, we obtain a value 
for nitrogen from nitrates unaccounted for, which may have been liber- 
ated as free nitrogen. In obtaining this last value we have the sum 
of all the errors of the other determinations, so that the value is 
itself subject to much doubt ; but some of the results have been so 
characteristic that they are used further on with no other apology. 
(7) By the use of the Kjeldalil values, in connection with the nitrate, 
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nitrite, and ammonia values, we are able to compute with more or less 
accuracy the gain or loss in the total nitrogen content of the test solu- 
tions. In addition to the study of the cultures mentioned, examinations 
have been made of a large number of cultures at the end of a seven-day 
incubation, and certain of these results are included here. 

All of the methods, both chemical and bacteriological, have been 
subject to more or less unavoidable error. It should be borne in mind, 
however, that biological processes are always subject to a large varia- 
tion, and that all results of biochemical investigation should be inter- 
preted in that light. It has accordingly been considered sufficiently 
accurate to determine the various chemical factors to the nearest o. i 
part in 100,000, and to use the results so obtained for the purposes 
of discussion as though the errors had been eliminated. 

Methods of Chemical Analyses 

The methods for the quantitative determination of ammonia, nitrates, 
and nitrites in these solutions have varied somewhat from the usual 
procedure for water analysis. For the ammonia determination i c.c. 
of the solution was placed in the Nessler tube, made up to 50 c.c. with 
ammonia-free water, and nesslerized, direct readings being made against 
permanent standards. 

The direct reading of the ammonia is preferable to the distillation 
method, as the partially decomiy)Scd bacterial products do not show as 
free ammonia in th<i direct reading, but many of them are broken down 
by heat and apix.*ar as free ammonia by the distillation process, giving 
values which are trn) high. The main objection to the direct reading 
is the green color which apj^ears in many cultures upon nesslerizing, 
probably caused by the presence of amides. The green color interferes 
verj' much with the matching of the colors against the usual ammonia 
standards, and it w^s necessary to use a special set of standards in 
order to get compamble readings. These standards are a modification 
of Jacks<.)n's platinum cobalt standards,^ in which the yellow is toned 
down by the addition of cupric chloride solution. There is considerable 
variation in the shade of different cultures of bacteria after nessleriza- 
tion, and many experimental sets of standards were made up before the 
proportion of copper solution was finally decided upon. Since some of 
the cultures did not prcxluce the objectional green shade, it was found 
advisable to keep on hand two sets of standards, one with and one 
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without the copper. The final composition of the special standards 
employed is ^hown in the following table. 



TABLE I. —Permanent Standards — Nitrogen as Ammonia — 
Used in Determining Ammonifying Power 



c.c. 
Sundard. 


C.C. 

Platinum tM^lution. 


c.c. 
Cobalt solution. 


c.c. 
Copper solution. 


0.1 


1.8 





0.6 


0.3 


3.2 





4.3 


0.5 


4J> 


0.1 


• 1.8 


0.7 


6.9 


0.2 


1.8 


1.0 


7.7 


0.6 


1.5 


1.3 


9.4 


0.9 


1J5 


1.7 


11.5 


1.7 


2.0 


2.0 


12.7 


2.2 


2.0 


2J. 


15.0 


3.3 


0.5 


3.0 


17.3 


4J> 


0.0 


3i> 


19.0 


5.7 


0.0 


4.0 


19.7 


7.1 


0.0 


4.5 


19.9 


8.7 


0.0 


5.0 


20.0 


10.4 


0.0 



Platinum solution = 2 grams potassium platinic chloride dinnolved in a small amount of 
water. 100 c.c. of strong hydruchloric acid (sp. gr., 1.20) added and made up to 1 liter. 

Cobalt solution = 12 grams cobaltous chloride dissolved in a small amount of water. 
100 c.c. of strong hydrochloric acid added and made up to 1 liter. 

Copper solution = 12 grams dry cupric chloride dissolved in water. 100 c.c. strong hydro- 
chloric acid added and made up to 1 liter. 

To determine the nitrites, i c.c. of the solution was mixed with 
49 c.c. of nitrite-free water in the Nessler tube, and read by the usual 
Griess method. The nitrates were determined by placing i c.c. of the 
culture in round-bottom tubes, having a length of about 70 mm. and a 
diameter of 15 mm. These tubes were placed in wire racks and the 
contents evaporated to dryness on the water bath, or, better, in the hot 
air bath at a temperature of 115° to 125° C. Phenolsulphonic acid 
was then added directly to the tube, and by rolling the tube in the 
fingers was thoroughly incorporated with the residue. The contents 
of the tubes were then washed into Nessler tubes, ammonia was added, 
the contents made up to 50 c.c, and the amount of nitrogen as nitrates 
read against standards as usual. The evaporation in tubes is prefera- 
ble to the usual evaporation in dishes, both for economy of space and 
ease in manipulation. Experiments showed that the evaporation to 
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complete dryness at these temperatures did not affect the accuracy 
of the determinations. 



Source of the Cultures 

The cultures selected were obtained from sewage and from the 
effluents of sewage filters during a study of the functions of the various 
kinds of bacteria concerned in se\vage purification, and were selected 
as producing as many as possible of the various changes in the nitro- 
gen contents of the test solutions. In all, some forty cultures were 
studied in detail, and from the results obtained twenty cultures have 
been selected as giving results sufficiently characteristic to warrant 
their l^eing included here. The majority of the cultures not included 
gave results which showed nothing further than could be shown by 
the cultures presented, while others of the cultures omitted had breaks 
in the chain of results due to losses during chemical analysis. The 
cultures were isolated during Febniar)' and March, 1904, as follows: — 

Cultures i, 16, 17, 23, 40, 41, from I-awrence Sewage. 

Culture 18, from Septic Sewage. 

Cultures 4, 7, 9, 10, 11, 13, 29, from the effluents of intermittent 
sand filters receiving I^wrence Sewage. 

Culture 22, from the effluent of a contact filter receiving Lawrence 
Sewage. 

Cultures 31 and 32, from the effluent of a contact filter receiving 
Septic Se\\'age. 

Cultures 24, 26, 38, from the effluents of intermittent continuous 
filters receiving Lawrence Sewage. 

It is not essential in a study of this kind that the names of the 
species be known. Indeed, in sewage disposal a determination of 
the presence or absence of definite species of bacteria, other than 
certain disease-producing organisms, is of small moment compared 
wth the establishment and determination of the types which play 
important parts in the conversion of that sewage into a harmless and 
inoffensive water. While some progress has been made in the study 
of these cultures, the determinations of the species are not complete at 
the present writing. Enough work has been done, however, in order 
to be able to say that the cultures are apparently all different sjDecies, 
and indeed the variation in the nitrogen changes caused by these 
cultures would alone be almost sufficient to establish this difference. 
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Review of the Literature 

We will now discuss the changes which may occur in nitrogenous 
matter and the agency of bacteria in causing those changes. As sources 
of nitrogen in the experimental solutions, we have peptone and atmos- 
pheric nitrogen common to both solutions. In the peptone solution the 
only changes which may be prcxluced by bacterial action are the break- 
ing down of the jx^ptone into amides and amino acids, which themselves 
mav then be broken down with the formation of ammonia or free nitro- 
gen, the oxidation of the ammonia to nitrites and nitrates, and the 
fixation of atmospheric nitrogen. The process going on here is primarily 
either putrefaction or decay, the term putrefaction being used in the 
sense of breaking down without air, or anaerobic action ; the term 
decay being used as indicating an oxidizing, or aerobic, action. 

Owing to the newness of bacteriological methods of sewage disposal, 
we have t<.) turn mainly to the agricultural chemists and bacteriologists 
for our knowledge of the biochemical processes by which nitrogen is 
changed from one form to another. As early as 1837, Schultze -^ and 
Schwann"* discovered that the cause of putrefaction and decay was 
always present in unsterilized air, but it was left to Pasteur'* and his 
colaborers to demonstrate that putrefaction was due to the action of 
microorganisms. The first step which takes place in the conversion 
of the albuminous matter in sewage is ix*ptonization, or liquefaction of 
the insoluble proteids into soluble ix.*ptones and albumoses. The con- 
sideration of this step may be omitted here since we are starting with 
these latter products. The next step in the process is the conversion 
of peptones into amino acids and amides. 

The amino acids are next decomj)osed into organic acids and free 
nitrogen or ammonia, the organic acids and the ammonia thus formed 
combining to fonn ammonium salts; but these salts are readily broken 
up and converted into carbon dioxide, water, ammonia, hydrogen, nitro- 
gen, and marsh gas, the last three of which escajx: with some of the 
ammonia and carbon dioxide, leaving the rest of the ammonia and 
carbon dioxide united with the mineral elements in the solution or 
combined as ammonium carbonate. 

Ammonifieation. — There is much experimental evidence to show 
that the production of ammonia from organic matter is characteristic 
of most species of bacteria. Marchal^ found that out of thirty-one 
organisms studied, seventeen produced ammonia decidedly, and all of 
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work of Burri and Stutzer, in which they claimed not only to have 
made the nitrifying organism grow on all ordinary culture media, but 
also stated their belief that this organism had a pleomorphic habit, 
changing its form and character under different conditions. Much 
doubt has been cast on the purity of the cultures with which these 
investigators worked, and Fraenkel ® claims to have isolated from Burri 
and Stutzer*s cultures eleven different s|)ecies. 

In 1896 Woodhead^ isolated from sewage a number of different 
species which grew well on ordinary culture media, some of them being 
denitrifying forms and others being able to oxidize nitrites to nitrates. 

Rich ter ^ isolated a Micrococcus which reduced nitrates to nitrites 
and was also able to oxidize urea to. nitrites. Furthermore, we must 
consider that the symbiosis of bacteria as regards action on nitrogenous 
bodies has been little studied. Indeed, it is an open question in the 
minds of many sewage and soil bacteriologists as to whether the so- 
called nitrifying group of bacteria are the sole cause of nitrification. 
That there is some ground for this doubt is instanced by many experi- 
ments in sewage treatment, in which sterile materials inoculated with 
pure cultures of these types fail to nitrify, or, at best, nitrify only very 
slowly when dosed with ammonia solutions or with sterile sewage, while 
control filters of the same material nitrify unsterilized sewage rapidly 
and completely. 

As to the conditions governing nitrification there is some diversity 
of opinion. The earlier observers uniformly considered that nitrifica- 
tion was essentially an aerobic, or oxidizing, process. Holdefieiss,*^ on 
the other hand, obtained results in his experiments which would war- 
rant the belief that nitrification may often take place under strictly 
anaerobic conditions. Further evidence of this has not been forth- 
coming, however, and the results obtained from the ojx:ration of sewage 
filters would indicate that efficient aeration is necessary if nitrification is 
to continue. Leme,'-^ Pickard,*-^ and others have shown that an excess 
of organic matter tends to check or prevent nitrification. Da\y^* 
obserx'cs that the reduction in nitrification is especially marked when 
the excess of or^.'^anic nitrogen is of animal origin. The sudden stop- 
page of nitrification in sewage filters when continually overdosed, and 
the return of this action when the quantity of organic matter applied 
has been reduced within the ]:)roper limits, are comnmn knowledge to 
all who have had ex|)erience in the operation of sewage disiK)sal works. 
The conditions affecting nitrification by sewage filters and the amount 
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that no nitrogen is liberated in decay proper. Kellner and Yoskii^^ 
found that the loss of nitrogen during decay was very small, even 
when the experiment was carried over a long period. On the other 
hand, the results obtained by Tacke^ led him to believe "that m the 
oxidation of ammonia, as well as in the reduction of nitric acid to 
ammonia, conditions may arise by which two nascent nitrogen atoms 
can combine into molecular nitrogen and escape from the decaying 
mass." Chabrier^ found that small amounts of nitrogen are always 
liberated during nitrification, and his observations have been confirmed 
by Boussingault," by Pickard,^ and more recently by Godlewski.^ 
Schneidewind,*" Pfeiffer,^ and Stutzer and Hertleb^ all furnish evi- 
dence that losses of free nitrogen are likely to occur. 

Gerlach and Vogel ^ isolated from soil a number of bacteria which 
were able to transform soluble inorganic salts into insoluble organic 
nitrogen, but when organic nitrogen was present this transformation 
into proteids was always accompanied by a loss of free nitrogen. 

Rogoyski^^ arrived at similar conclusions concerning the simulta- 
neous liberation of nitrogen and the fixation of soluble nitrogen as 
proteids, and also determined that the proteid nitrogen so formed 
appeared to be non-putrescible and readily nitrifiable without inter- 
mediate conversion into ammonia. This latter point is worthy of 
further study, bearing as it does on the storage of nitrogen in sewage 
filters at times and the ultimate disappearance of this stored nitrogen 
with the appearance of large amounts of nitrates and nitrites in the 
filter effluents. ^2 Proteids of this class may also form a large per- 
centage of the organic matter in the sediment in the eJfHuents from 
filters of coarse materials operating at high rates, which, although 
usually very turbid and containing considerable .suspended organic mat- 
ter, have been repeatedly proved to be non-putrescible.^^ Berthelot,^ 
studying the volatility of the ammonia from soil, found that when 
there was a loss of ammonia extensive loss of free nitrogen occurred 
at the same time. The same author observes that the activity of 
bacteria in soils may lead to a very considerable loss of nitrogen 
either as ammonia or as elementary nitrogen, and the evolution of 
free nitrogen is independent of the presence or absence of nitrates. 
Lipman ^ describes an interesting experiment in which he proved that 
Bacillus pyocyaneus caused a greater loss of nitrogen in solution as 
the surface of the solution exposed to the air was increased. The 
better aeration thus produced was evidently the cause of the greater 
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Denitrtfication, — In the nitrate solution, besides the peptone and 
the atmospheric nitrogen as sources of nitrogen, we have present the 
nitrates, and the changes which may take place are more complex and 
subject to variation. Here we may have, as in the peptone solution, 
the fixation of atmospheric nitrogen and the conversion of the peptone 
into ammonia or free nitrogen or l^oth. We may also have the reduc- 
tion of the nitrates to nitrites, to ammonia, to free nitrogen, and we 
may have the formation of nitrous and nitric oxides. Furthermore, 
we may have secondar)' reactions between the nitrites or the lower 
oxides of nitrogen and the amino acids and amines. The literature 
on dcnitrification is particularly rich, owing to its great significance in 
agriculture. 

As early as 1862, Gopplestroder "" obser\'cd that in rich soils 
dcnitrification usually took place. In 1867 F'roehde"*^ observed that 
a reduction of nitrates frequently occurred when putrefying organic 
matter was present. In 1868 Schoenbein"^ noticed that many fungi 
(bacteria?) were able to reduce nitrates to nitrites, and offered the 
presence of nitrites in drinking water as direct evidence of the pres- 
ence of microorganisms. In 1871 Mcusel ^^' attributed the reduction 
of nitrates in water to the action of bacteria. Pesci^* observed that 
the reduction of nitrates was much more rapid in liquids than in dry 
or slightly moist material, (iayon and Duixitit ^^'^^ in 1882 obser\'ed 
that in river water containing small amounts of nitrates the nitrates 
were quickly reduced to ammonia. Deherain and Maquenne*^ and 
Springer '^^ attributed the reduction of nitrates to the agency of ana- 
erobic bacteria, which either reduced the nitrates to lower oxides of 
nitrogen or to free nitrogen. Heneus,**-'' in r886, isolated from water 
two species which quickly reduced nitrates to nitrites. Blasi and 
Fravoli,^^ in 1888, studied twenty-seven sjx'cies which they had is^)- 
lated from .soil, and found that in the majority of instances these 
species rapidly reduced nitrates to nitrites, and then slowly destroyed 
the nitrites, although they fail to state what the end-product was. 
Giltay and Abenson,^' in 1892, found common in soil and in the atmos- 
phere two organisms, both of which were able to reduce nitrates com- 
pletely with a liberation of free nitrogen. Eugnow,^*^ Burri, Herfeldt 
and Stutzer,^ and Schirokokh '^* all isolated and studied species which 
reduced nitrates. Sewerin-*^ studied twenty-nine species, twenty of 
which were able to reduce nitrates more or less completely. Maasen,*^ 
in 1902, found that of 109 species of bacteria he examined eighty-five 
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were able to produce nitrites in solutions containing nitrates. The 
wTiter,^ in a previous paper, reported that of over 5,300 cultures of 
bacteria isolated at the Experiment Station over 85 per cent, were 
able to reduce nitrates more or less completely, and of forty-six 
different species described at that time thirty-five reduced nitrates to 
nitrites. 

Jensen ^ states that denitrifying bacteria are usually present in the 
excreta from herbivorous animals, but that they are rare in the effluvia 
of carnivorous animals. Chester^ shows that denitrification may take 
place either under aerobic or anaerobic conditions, confirming the results 
of Stutzer and Maul ^ and of Boname,^' who found that denitrification 
was less rapid under aerobic than under anaerobic conditions. On the 
other hand, Pfeiffer, Franke, and Gotze and Thurmann^ obtained re- 
sults which led them to believe tha>t denitrification was more rapid when 
there was free access of air. Frankland ^ concluded from a study of 
thirty-tw^o well-known species of water bacteria, more than half of which 
were able to reduce nitrates to nitrites more or less completely, that 
the action of these organisms was the same whether they were grown 
under aerobic or anaerobic conditions. 

Stutzer and Jensen ^^ showed that a certain amount of organic 
matter was necessary in solutions for cultures of bacteria to actively 
reduce nitrates, and the conclusions of these writeVs have been con- 
firmed by experiments of Kruger ^^^ and Wood.^^*^ Jeanncl ^^ found 
that the reduction of nitrates was more rapid when (Carbohydrates 
were present. 

Liberation of Nitrogen from Nitrated Solutions, — There is some 
exi^erimental evidence to show that nitrogen is liberated from nitrated 
solutions, and that in some instances this liberation is due to second- 
arv reaction between the amides and amino acids and some of the 
oxides of nitrogen. 

As early as 1867, ^J*- Angus Smith ^^^ obser\'ed that a reduction 
of nitrates accompanied by a loss of nitrogen occurred in decompos- 
ing sewage. Lipman ^^^ found that all of the five cultures which he 
studied, Bacillus subtiliSy B. fiuorcsccns^ B. megatherium^ B. pyocyaneuSy 
and B, New Jersey^ liberated nitrogen from organic solutions contain- 
ing nitrates, although one of the cultures failed to reduce nitrates. 
Gerlach and Vogel ^^ isolated from soil and manure a number of 
species of bacteria which, in solutions in which potassium nitrate was 
the only source of nitrogen, were able to reduce nitrates to nitrites. 
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Later the nitrites disappeared and determinations of total nitrogen 
showed that there was a loss of nitrogen, although no ammonia had 
been formed during any portion of the experiment. Grimbert^^ found 
that, while both B. coli and B, typhosus are able to liberate nitrogen 
from nitrated solutions, these species do not liberate free nitrogen 
unless amido compounds are present, and when nitrogen is liberated 
by these organisms from a nitrated medium, the volume of nitrogen 
is always about double the amount of nitrogen lost from the nitrates, 
thus confirming a previous obser\'ation of Hugonenq and Doyon,** that 
B. coli reduces nitrates, setting free nitrogen and utilizing the oxygen 
to oxidize carbonaceous matter. Am|X3lla and Gatino^'* studied an 
organism which reduced nitrates completely, forming a gas which con- 
sisted of 85 per cent, of nitrogen and 15 jxt cent, of carbon dioxide. 
These authors also found that denitrification is more rapid in alkaline 
than in acid solutions, and that relatively small amounts of acid were 
able to prevent losses of nitrogen. That this does not hold true with 
the organic acids is shown by the ex|Xiriments of Schlossing,^^ who 
established the fact that nitrogen is always liberated when the lactic 
fermentation of sugars occurs in the presence of nitrates. 

Dehcrain and Maquenne ^^^ studied the gases evolved during denitri- 
fication and found that they contained free nitrogen, carbon dioxide, 
and nitrous oxide. Gayon and Dupetit *^^ obser\^ed that nitrogen was 
evolved during denitrification, and that the presence of organic nitrogen 
was necessar)^ for this evolution. They were led to believe that the 
organic nitrogen is decomposed into ammonia and amides, and that the 
liberation of free nitrogen is the result of secondary reaction between 
the amido derivatives of the organic matter and the reduction products 
of the nitrates. By properly controlling the composition of the fer- 
menting solutions they were able to produce a liberation of nitrogen with 
or without the admixture of nitrous oxide. Ampolla and Ulpianni^^ 
describe two species which changed nitrates in the presence of organic 
matter into free nitrogen without the intermediate production of nitrites. 
Frankland ^^^ found that although Bacillus a qua tilts was unable to cause 
a reduction of nitrates to nitrites, yet there was a considerable loss of 
nitrates from solutions in which it was cultivated. Burri and Stutzer^^ 
observed that B. denitrificans II was able to liberate about 90 per cent, 
of the nitric nitrogen from certain nitrated solutions, the remaining 
nitrogen being rendered insoluble. At the start they found that this 
organism was aerobic, but after denitrification was once started it was 
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solution has varied widely with the individual cultures. Of the twenty 
cultures included in the table, No. 33 showed no ammonification what- 
ever. Five cultures, Nos. 11, 17, 23, 26, and 38, showed only traces of 
ammonia, /*. r., less than 0.5 parts jxt 100,000. and No. 4 showed only 
0.7 of a part. The maximum amount of ammonia produced by any one 
culture was 18.0 part.s, this beinfc recorded for culture No. 10 on the 
twentieth day. Four cultures, Nos. 10, 13, 16, and 24, produced over 
4.0 parts of ammonia. As to the rate of ammonification, after two 
days* growth none of the cultures showed any traces of ammonia. 
After four days four cultures had begun to ammonify, these being 
Nos. 10, 24, 31, and 40. On the sixth day three more cultures, 
Nos. 18, 22, and 41, had bcgim to pnxluce ammonia. On the tenth 
day eleven of the twenty cultures showed ammonia prcxluction, cultures 
Nos. 9, 13, 16, and 29 having come into the fold, and on the thirteenth 
day two more cultures, Nos. i and 7, were added to the list. 

Denitrificatiou. — In the reduction of nitrates the various cultures 
have shown many peculiarities, in some cases a steady decrease in 
the amount of nitrates being noticed, while with other cultures the 
increase in the reduction was spasmodic and ernitic. Six of the cul- 
tures, Nos. I, 13, 16, 23, 26, and 38, failed to reduce nitrates at any 
time in the ix^riod during which they were under examination, although 
culture No. 38 produced small amounts of both nitrites and ammonia 
in the nitrate .solution. Four of the cultures, Nos. 4, 10, 11, and 18, 
reduced all of the nitrates within the period of incubation, while four 
more, Nos. 7, 9, 17, and 22, reduced over 50 per cent, of the nitrates. 
As to the rate of denitrification, two of the cultures, Nos. 10 and 31, 
showed losses of nitrates on the .second day. On the fourth day five 
more cultures showed nitrate reduction, these being Nos. 7, 18, 22, 40, 
and 41. On the sixth day culture No. 11 .showed denitrification, and 
on the tenth day culture No. 33 began to be active. Four more cul- 
tures, Nos. 4, 9, 24, and 29, showed uj) on the thirteenth day, and by 
the seventeenth day culture No. 1 7 had begun to reduce. 

Nitrite Production. — As with the reduction of nitnites, the produc- 
tion of nitrites by the various cultures has been subject to considerable 
variation. Four of the cultures, Nos. 10, 13, 16, and 23, failed to pro- 
duce nitrites. Of these, culture No. 10 is of special interest, because, 
although this culture reduced the nitrates completely, the reduction did 
not go through the nitrite stage. Three of the cultures, Nos. i, 26, 
and 33, produced only traces of nitrites, that is, less than 0.5 part, and 
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culture No. 38 produced less than i.o part. Culture No. 38 is espe- 
cially interesting, because, although the nitrates were not reduced by 
the culture, nitrites and ammonia were formed in the nitrate solution in 
small amounts. The results from cultures Nos. 29, 31, and 41 are in- 
teresting, as more nitrites were produced than there was loss of nitrate 
(in solution 5), and cultures Nos. 29 and 40 showed liitrite production 
before any reduction of nitrates was noted. These results may be 
taken as evidence that in the nitrate solution some oxidation or nitrifi- 
cation may have taken place, although in no case were nitrites found in 
the peptone solution. One of the cultures, No. 11, produced nitrites 
equivalent to 100 per cent, of the total amount of nitrates reduced, 
and seven more of the cultures, Nos. 4, 7, 9, 17, 18, 22, and 40, pro- 
duced nitrites equivalent to 50 per cent, or more of the total amount 
of nitrates reduced. Of the cultures producing more than i.o part of 
nitrites, Nos. 31 and 41 gave reactions on the s(icond day and No. 40 
on the fourth day. On the sixth day cultures Nos. 7, 18, and 22 
had begim to produce nitrites actively, and on the tenth day cultures 
Nos. 9, II, and 29 were added to the list. Culture No. 4 did not 
show any great amount of nitrites until the thirteenth day, and cul- 
tures Nos. 17 and 24 did not show active nitrite production until the 
seventeenth day. 

Reduction of Nitrates to Ammonia. — The previously discussed 
functions, the ammonification of peptone, the reduction of nitrates, and 
the production of nitrites, are functions which can be accurately deter- 
mined and of which we can speak positively in quoting results. As 
to the production of ammonia from the nitrates^ however, we cannot 
sjx^ak so conclusively, owing to the indirect method of determination, 
/. t\, by the subtraction of the ammonia formed in the peptone solution 
{A) from the total amount of ammonia formed in the nitrated i:>eptone 
solution (7)^), and to the fact that the same culture may not ammonify 
the peptone in the same ratio in the two solutions ; and, while we 
may draw inferences, our results must always be open to criticism and 
doubt. Nevertheless, s(jme of the results obtained have apparently 
been of considerable significance. The estimated amounts of ammonia 
formed from the nitrates, as shown in Table II, are much more erratic 
and subject to variation than are the figures of the directly determined 
functions. Eight of the cultures, Nos. i, 7, 13, 16, 18, 22, 23, and 29, 
did not show any apparent production of ammonia from the nitrates. 
Five of the cultures, Nos. 4, 9, 10, 11, and 24, produced ammonia 
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TABLE II. — Showing the Progressive Change in the Nitrogen Content or 

Peptone Solution {A) and Nitrated Peptone Solution {B) Due to 

THE Growth of Pure Cultures of Bacteria. — Concluded 



• 


Days. 




NlTROGBM 


— Parts pbr 100,000. 




Culture 






Ammonia from 




number. 


Nitrates, total 
reducttoQ. 


Nitrites from 
nitrates. B. 




Undetermined 
nitrogen from 














Solution B. 


Direct reading. 


Nitrates. 
B-A. 


Peptone. 


nitrates. 


N-29 


2 


0.0 


0.0 


0.0 


OA 


0.0 




4 


0.0 


0.0 


0.1 


0.0 


0.0 




6 

8 

10 


OX) 


0.6 


0.0 


0.8 


0.0 




6.6 


• • 

1.8 


, ao 


1.6 


6.6 




13 


\A 


4.8 


0.0 


1.9 


0.0 




17 


\A 


4i& 


OX) 


2.7 


OX) 




20 


■ • 


■ • 


• a 


• • 


• ■ 


N-31 


2 


2.0 


2.6 


OiS 


0.6 


0.0 




4 


2.6 


4.0 


0.6 


1.1 
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6 

8 

10 


90 


9.0 


1.0 
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0.0 




9.6 


13.6 


1.6 


1.6 


6.6 




13 


9.0 


7.0 


1.4 


2.1 


OA 




17 


11.0 


16.0 


1.6 


2.4 


0.0 




20 


• • 


• • 


• • 


• • 


• • 
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2 
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0.0 
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6 

8 

10 
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02 
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13 
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17 
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• • 
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o.c 
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4 


2.6 
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1.0 


0.9 


# 
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2.5 


2.0 
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1.1 
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10 


2.5 


2.4 
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1.3 
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1.4 
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2.5 
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0.3 
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0.0 
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• • 
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« • 



equivalent to more than 50 })er cent, of the total amount of nitrates 
reduced. Cultures Nos. 4, 17, and 24 produced more ammonia during 
certain periods of the time that they were under examination than was 
the total amount of nitrates reduced, and one culture, No. 38, pro- 
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duced ammonia, although no reduction of the nitrates occurred. The 
cause of this overproduction of ammonia is difficult to explain. It may 
have been due to secondary reactions between the nitrites, or other 
oxides of nitrogen, and the amides or amido acids ; it may have been 
due to the direct fixation of atmospheric nitrogen in the form of 
ammonia; and it may have been due to an invigorating action of the 
nitrates on the bacteria themselves, causing them to break down the 
peptone more completely in the solution containing nitrates than they 
did in the plain peptone solution. Five of the cultures, Nos. 26, 33, 
38, 40, and 41, produced less that i.o part of ammonia; four of the 
cultures, Nos. 9, 10, 17, an<J 31, produced between i.o and 3.0 parts 
of ammonia; and three of the cultures, Nos. 4, 11, and 24, produced 
more than 3.0 parts of ammonia. 

Undetermined Nitrogen from Nitrates, — The figures given in this 
column, as previously explained, are of very doubtful significance, includ- 
ing as they do the sum of all the errors in the other determinations. 
Nevertheless, the results are more or less significant as indicating 
whether other oxides of nitrogen than nitrites had been formed, which 
oxides would not be determined by the analytical methods employed, 
and also as furnishing additional evidence as to the liberation of nitrogen 
from solutions containing nitrates. Eleven of the cultures did not show 
losses of nitrates which could not be accounted for either as nitrites 
or ammonia, while six of the cultures, Nos. 7, 10, 11, 18, 22, and 23, 
showed losses, or undetermined nitrogen, amounting to over 50 per cent, 
of the total amount of nitrates reduced. With cultures Nos. 11, 18, 
22, 23, and 40 the largest amounts of undetermined nitrogen occurred 
during the earlier or intermediate portions of the j)eriod of incubation, 
these amounts decreasing or entirely disappearing towards the end of 
the incubation period. This would indicate oxides of nitrogen, or, at 
least, that the nitrogen was in some form which was not determinable, 
but which was afterwards changed to a form which wc were able to 
determine. With cultures Nos. 11, 33, and 40 the indications are that 
these losses occurred between the nitrites and ammonia. With cultures 
Nos. 18 and 22, however, the fact that a very rapid reduction of nitrates 
occurred, a large percentage of which could not be accounted for cither 
as nitrites or ammonia, but which jxircentage was later reduced as the 
nitrites increased, would appear to indicate that some intermediate 
product between the nitrates and nitrites has been formed. Such a 
product, so far as we have been able to discover, has never been noted 
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by previous observers, and, if the results are not in error, is of much 
interest. In addition to these cultures, three others, Nos. 7, 9, and 31, 
showed losses or undetermined nitrogen which it would appear was liber- 
ated as elementary nitrogen. This is esjxicially marked with culture 
No. 7, in which the loss of nitrogen increased in direct ratio with the 
time of incubation. 

Gain or Loss of Nitrogen, — On all of the cultures which were 
studied, besides the daily tests for nitrates, nitrites, and ammonia, 
tests were made for total organic nitrogen in the solutions by the 
Kjeldahl method at the beginning and end of the period of incubation. 
By the use of these Kjeldahl values, together with the v'alues for am- 
monia, nitrites, and nitrates, assuming that none of the nitrogen is 
present in forms which would not be determined by these methods, we 
have been able to compute the gain or loss of nitrogen in the solutions, 
and to compare the reduction of organic nitrogen with the reduction of 
nitric nitrogen. 

Of the results obtained with the thirtv cultures which are included 
in Table III, eighteen of the cultures showed a loss of nitrogen in the 
peptone solution and twelve of the cultures showed a gain. In the 
solution containing nitrates, sixteen of the cultures showed a loss of 
nitrogen and thirteen showed a gain. Nineteen of the cultures agreed 
as to gain or loss of nitrogen as determined in the two solutions, one 
of the cultures showed no change in the nitrate solution, and ten of 
the cultures showed a gain or loss in the peptone solution when the 
reverse was true in the nitrate solution. With seven of these ten cul- 
tures the gain or loss of nitrogen in one solution or the other was less 
than 0.5 part per 100,000 of nitrogen, this being the limit of error of 
the Kjeldahl method as determined by duplicate analyses of all the 
cultures. One culture showed a gain or loss of exactly 0.5 per cent., 
and this may be included with the other seven, leaving only two cul- 
tures in which there was an appreciable discrepancy in the two solu- 
tions, these being culture No. 9, which showed a gain of 1.2 parts in 
the peptone solution and a loss of 1.8 parts in the nitrate .solution, 
and culture No. 34, which showed a loss of 1.7 parts in the peptone 
solution and a gain of 12.1 parts in the nitrate solution. 

The maximum gain in nitrogen in the |x,^ptone solution was made 
by culture No. 10, which gained 12.0 parts nitrogen, and the maxi- 
mum gain in the nitrate solution was by culture No. 34, which gained 
1 2. 1 parts nitrogen. The greatest losses were made by culture No. 16, 
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bacteria in the samples, that is, all of the kinds of bacteria which would 
be shown by the ordinary plate method. From the data thus accumu- 
lated it has been possible to compute the percentage of the total number 
of bacteria in the individual samples which possessed these functions, 
and by averaging the percentages in the various samples to determine 
approximately the percentage of the total bacteria in samples of diflfer- 
ent kinds which were able to produce ammonia in peptone solution and 
to reduce nitrates. From these figures it appears that a considerable 
majority of the bacteria in sewage and in the effluents and material 
from sewage filters are possessors of both of these functions. The 
results are shown in the following table : — 



TABLE IV. — Showing Pkrcentagk of Ammonifying and 

Denitrifying Bacteria in Sewage and the 

Effluents from Sewage Filters 



Source. 


Number o{ 
samples. 


Pbrckntaor of Total 
Bactbria which 


Ammonify 
peptone. 


Reduce 
nitrates. 


SewaBTc 


3 
G 
3 

4 

15 

3 


90 
56 
60 
50 
70 
«) 


70 


ScDtic sewase 


69 


Effluent contact filters 

Kffluent trickling filters .... 

Effluent sand filters 

Sand fnim sewage filters .... 


61 
71 
70 
70 



The tests for gelatin liquefaction were made on 157 of the before- 
mentioned cultures, and a comparison of the results of these tests with 
the various changes in the nitrogen contents of the test solutions enables 
us to trace in a general way the relation between the peptonizing power 
as represented by the amount of liquefaction of gelatin and the denitri- 
fying and ammonifying powers. These results have been grouped in 
Table V according to their liquefying power. Comparing the results 
obtained with cultures which liquefied with those which did not liquefy, 
we find that the liquefiers have an average ammonifying power nearly 
twice as great as the non-liquefiers, that they have a denitrifying power 
about three times as great as shown by the production of nitrites. In 
each group of cultures, both liquefying and non-liquefying, we find some 
which cause large changes in the nitrogen contents and others which 
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not hold true in this instance. The figures showing the average amount 
of nitrogen lost from nitrates, which was not determined as nitrites or 
ammonia, also appear to follow the same rule as above stated, although 
the results are of doubtful significance for reasons which have been 
previously discussed. Comparing the relative liquefying power with 
the other functions, we find that as this power increased the power 
to reduce nitrates also steadily increased. The relation between the 
incanise in the liquefying power and the nitrite production and the 
ammonification of peptone, however, is less marked. It is probable, 
however, that with a more extended study, covering a larger number of 
cultures, the ratio between these functions .would be more uniform. 

Conclusions 

With the advent of the various biological methods of sewage dis- 
|k)h;i1, in which the activity of various classes of bacteria have to be 
carefully contn)lled in order to accomplish the desired end, a knowledge 
of the various biochemical reactions taking place and of the bacteria 
which pn)duce these changes becomes necessary. Of the various 
I huuKCH occurring in the sewage during treatment, the one which 
lorniH our main problem is the change of the nitrogenous matter 
from a highly objectionable form in which it is present into a non- 
put rencible and inoffensive form, since in the process of changing the 
\k\x\\\ of the nitrogen contents the carbonaceous matter is also con- 
verted into simple elementary compounds. Consequently the problem 
narrows down to a study of the bacteria causing changes in the nitrog- 
enous matter, and since the study of these bacteria under natural 
conditions, i. ^., in the sewage and in the filters, surrounded as they 
lire by other types of bacteria and under conditions which are con- 
Htuntly changing, is beset with difficulties, it becomes necessary to 
Htudy these bacteria in pure culture and under constant conditions, in 
order to acquire data sufficiently exact to be used in an analysis of 
the more complex problems such as occur in actual practice. The 
pri'siMit i)aper is a portion of a more extended investigation into the 
types of bacteria normally present in sewage and the effluents of sew- 
age (lis|)osal systems and their r61e in the causation of the biochemical 
reactions occurring during the processes of treatment, and it has to 
(leal with the specific changes which representative types of bacteria 
in pure culture may produce in solutions containing nitrogen in forms 



36 Stephen DeM. Gage 

tion or nitrification of the organic material has occurred, caused either 
by bacterial action or by some undetermined secondary reaction. 

Regarding the distribution of ammonifying and denitrifying bacteria 
in sewage and the effluents from sewage filters, based on a study of 
the biochemical functions of over three hundred representative cultures 
from a variety of samples, it may be said that a majority of the bac- 
teria from these sources, which are determinable by the ordinary plate 
methods using gelatin as a culture medium, reduce nitrates and de- 
compose peptone into ammonia, although these two functions are not 
always present in the same species. By the use of quantitative tests 
for the amount of liquefaction produced in gelatin by over 150 of 
these cultures, we have been able to determine approximately the 
relation between the peptonizing power, or power to liquefy insoluble 
organic matter, and the ammonifying and denitrifying powers of sewage 
bacteria. We find that while many non-liquefying bacteria are able to 
reduce nitrates or to ammonify peptone or to do both, and many lique- 
fying bacteria do not possess these functions, nevertheless, in a large 
majority of cases, the possession of the first function means possession 
of one and usually both of the last two functions, and the average 
amount of change produced in the nitrogenous matter in solution is 
much greater with peptonizing bacteria than with those which are 
unable to liquefy gelatin. Furthermore, an increase in the liquefying 
power appears, as a rule, to be correlated with increased ability to 
reduce nitrates and to ammonify peptone. 

When we consider that, in addition to further study of the various 
problems indicated herein with individual species, we have yet to take 
up the study of symbiosis, the action of not one or two types of bacteria 
but of many, with the complicated series of secondary reactions between 
the various biochemical products which would result, we can readily see 
that, while interesting and instructive in themselves, the studies em- 
bodied in this paper are only a beginning and a slight step in the direc- 
tion of a better general understanding of the biochemistry of that 
important problem, the economic and sanitary disposal of the waste 
products of the human body. 
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It is often the case that analytical data express to the mind of the 
analyst the direct information desired, but at times there are cases in 
which such figures convey no useful information until they are examined 
in the light of past experience. For example, in an assay of a gold ore 
the results require no explanation, but the results of a steel analysis 
convey to the lay mind only the idea that there were present in the 
steel certain very small amounts of sulphur, carbon, phosphorus, etc. 
To the expert, however, these figures of the steel analysis stand clearly 
and definitely for certain marked pro])erties in the steel. 

This expression of analytical data in terms of physical or other 
properties of the substances analyzed is called an interpretation of an 
analysis. 

In the case of sewage there are, unfortunately, no well-marked 
physical characteristics such as are found in steel with which our 
analytical data may be compared. The interpretation of a sewage 
analysis is largely a matter of experience on the part of the analyst, 
or of reference to other analyses for the sake of comparison, rather 
than any concrete reference to definite properties. Nevertheless when 
sewages are spoken of as "strong domestic," or ** typical city," it is 
doubtful if any analyst could, from these descriptions, satisfactorily 
reconstruct the essential features of the original analyses. 

In view of the fact that important steps are being taken just now 
toward standardizing and unifying our methods of analysis, it has 
seemed to the writer that a brief discussion of our present knowledge 
of the chemistry of sewage, so far as it relates to the routine analytical 
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and chlorine they might all be expected to agree within fairly close 
limits. Variation in these relative numbers would then in any given 
case denote a variation from the domestic type. 

I^t us take as an example an actual case. The ratio between the 
total nitrogen and the chlorine in domestic sewages, as will be shown 
later, is approximately unity. But at certain times this ratio, in the 
case of the Boston sewage, may reach as low a figure as one to one 
hundred, from the backing up of sea >vater through leaking tide gates. 
Now if it may be assumed that the normal chlorine value of the 
sewage in Boston is also equal to the nitrogen, then with the known 
composition of sea water a simple calculation will show the amount 
of sea water in the Boston sewage. It is not intended that in ordi- 
nary cases the analyst shall attempt in this way to calculate the 
actual amount of street washings, or other material which has entered 
the sewage in question, but it is believed that by the use of these 

comix)sition factors sewages may be classified and compared with each 

• 

other as to the probable effect ujwn them of purification treatment. 

The third im|X)rtant characteristic of a sewage I have called its 
condition. By the condition of a sewage I would denote what we 
variously call its age, freshness, or septicity. But condition as here 
used is a much more definite proixirty than this, and cannot be ex- 
pressed as a function of the time alone. Condition is a product of at 
least three prime factors and of many other minor ones. The three 
most important are age, temi^erature, and the numlxir and character of 
organisms present. Among the other factors may be mentioned the 
degree of physical disintegration, opportunity for aeration, the pres- 
ence of germicidal substances, and doubtless many unknown conditions. 
It will thus become apparent that the mere statement of the age of 
a sewage, as of a septic sewage, for example, will throw very little light 
upon its true condition. In attempting to establish condition factors 
we shall deal not alone with the unvarying constituents, such as the 
total nitrogen and the total carbon, but with the various forms in which 
the nitrogen, for example, may occur, and their transformations from 
one to the other through the activities of the microorganisms or by 
spontaneous chemical action. 

Having now defined the three characteristic properties of a sewage 
in terms of which we shall attempt to interjiret our analytical data, let 
us examine in some detail our ordinary' analytical procedure and see 
what significance the results have in terms of these properties. 
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that much more constant and significant ratios could be obtained from 
the figures if they had been obtained by the direct method. 

In a very fresh domestic sewage the ratio of the ammoniacal 
nitrogen to the organic nitrogen is usually about one to two. This 
applies only to sewage from a small sewer running swiftly. In the 
larger intercepting sewers of our cities this ratio will be, as a rule, very 
close to unity. At the other extreme, an old septic sewage in warm 
weather may show a ratio as high as seven to one. In calculating the 
ratio in this case allowance must be made for the fact that sedimenta- 
tion is taking place. The organic nitrogen value to be used in the 
ratio is not the actual value found, but should be calculated on the 
assumption that the total nitrogen — organic plus ammoniacal — has not 
undergone any diminution during the treatment, an assumption suffi- 
ciently exact for this puqx)se. This total nitrogen value, then, should 
be taken from the unsedimented sewage. Between these two extremes 
will be found the ratios for ordinary sewages. The rate of change does 
not seem to be proportional to the time. The ordinary staling of a 
sewage is not accompanied by a marked rise in the ratio, while in the 
later stages of active purification a rapid increase is noted. 

This ratio is obviously a factor changing with the age of the sewage. 
The rate of such a change will be affected by the temperature of the 
sewage, and will also depend upon the number and nature of organisms 
present. In a septic tank, for example, the change will take place much 
more rapidly than during the movement of the sewage through the -sewer. 

No further experimental proof of the fact of the increase of this 
ratio with age is needed, for it is a matter of common knowledge. As 
an illustration of the application of this factor in actual practice, the 
following analyses of Boston sewage at different seasons are given. 
This sewage is for the major part less than an hour old. The analyses 
show the effect ujx)n this condition factor of varying temperature, other 
things being practically constant. 



TABLE I. — Showing the Effect of the Temperature upon the Ratio of 

THE Ammoniacal to the Total Nitrogen 



Month. 



July . . 
September 
January . 



Average 
temperature. 



71 
65 
47 



Number of 
determinations. 



8 

8 

10 



Ratio op Ammoniacal to Ofti:ANic Nitrogbn. 



Mean. 

1.70 
1.08 
0.82 



Maximum. 

l.:J8 

1.22 



Minimum. 

1.44 
0.79 
0.47 
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The value of some such a condition factor in discussing and com- 
paring septic sewages will be readily apparent. The usual method of 
describing such sewages by age only obviously omits the other im- 
portant factor — temperature — not to mention possible differences in 
the number and kinds of bacterid, originally present. In describing 
sewages which have not been subjected to septic treatment, not much 
has hitherto been attempted. Such terms as fresh and stale sewage 
have been used without any very sharp definitions. The applica- 
tion of condition factors such as have been described and of which 
other examples will be given will, it is believed, greatly facilitate our 
descriptions and even clear our conceptions of these matters. 

A Nciv Nitrogen Factor, — The application of the nitrogen analytical 
data to the question of composition as used in this paper still remains 
to be worked out. Our data so far do not give us any information as 
to the ease or difficulty of purifying our nitrogenous matter nor of the 
stability or non-stability of the nitrogenous matter in an effluent ; in 
other words, we know nothing of the kind of nitrogenous matter we 
are dealing with. In the writer's view these two things are identical, 
that is, a stable effluent would be difficult, and an unstable one easy of 
further purification. Furthermore, it is believed that the ability of the 
nitrogenous matter to hydrolyze is a measure of its non-rstability or of 
its ease of purification. Upon this principle the writer is working out 
the details of a new nitrogen factor which shall be the desired com^ 
position factor. Such a factor is of special value in the analysis of 
effluents, and, it is hoped, may be fully discussed in the second part 
of this paper, which will deal more especially with the question of 
effluents. 

Carbon 

Our knowledge of the carbon in sewage through our analytical 
results is meagre indeed. The oxygen-consumed test is a measure of 
the carbonaceous matter present ; unfortunately it is also a measure 
of the nitrites, ferrous salts, part of the chlorine, and doubtless of 
many other substances at present unknown to us. Add to this the 
fact that almost every laboratory has its own method of making the 
determination, and two things become apparent : first, that the results 
of the different laboratories are not at all comparable, and, second, that 
the best of the results have but little real value in the inteqiretation 
of an analysis. The arguments which have been used for the accurate 
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determination of the total nitrogen apply with hardly less force to the 
question of total carl)on. The oxygen consumed stands in the same 
relation to the total carl^)n as the albuminoid ammonia to the total 
nitrogen. But the present conditions are much more unsatisf actor)' in 
the former case, for the amount of carl)on represented is only 2 or 
3 jxT cent, of the total carlx)n, while the albuninioid ammonia gives 
one-third or more of the organic nitrogen. What is true of the variable 
ratio existing lx.*tween the albuminoid ammonia and the total nitrogen 
is doubtless equally tme as between the oxygen consumed and the total 
carbon. Hence the oxygen-c^onsumed figures have no value as concen- 
tration factors, and, while they may be combined with the total nitro- 
gen figures to form comjxjsition ratios, the results are only rough and 
are not indei:)endent of the condition, as composition factors should be. 
For example, the ratio of the total carbon to the total nitrogen would 
be an ideal composition factor, since the condition of the sewage would 
have but slight influence inx)n it ; but the mtio of the oxygen con- 
sumed to the total nitrogen will vary with the condition, and hence is 
not a satisfactory comj^osition factor. It is i)ossible, however, to use 
this rough factor to distinguish between purely domestic sewage on 
the one hand and on the other the same sewage mixed with a con- 
siderable volume of street washings or of factor)' wastes from such a 
process as tanning. Taking the oxygen-consumed figures as determined 
by the Kubel hot-acid method, with two minutes' boiling we find in a 
domestic sewage which is reasonably fresh that the oxygen-consumed 
values are roughly al>out 50 per cent, greater than the total nitrogen 
values. Immediately after a hea\-y shower this value will increase to 
three or four times the nitrogen figure. The fact must be emphasized, 
however, that by mere aging of the sewage the same change in this 
ratio may be brought al>)Ut. 

Since we have but one carbon figure in our analysis, no condition 
factor based u|)on carbon alone has lx*en yet developed, although the 
comparison of values obtained with and without heating seems promis- 
ing. The change suggested above, while an important correction to 
the comjwsition factor, is t<K) variable and untrustworthy in its nature 
to be of any ser\'ice in denoting condition from the carbon standpoint. 
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Oxygen 

In any ultimate study of processes of sewage purification, either 
from the point of view of chemical energetics or of biological metabo- 
lism, the oxygen of the organic matter must needs be taken into 
account. Our present state of knowledge, however, does not warrant 
any such difficult determination as that of the oxygen of the organic 
substances, and in the present discussion that oxygen will be left 
entirely out of consideration. There remain, then, the oxygen which 
is dissolved in the sewage and that which is present in the form of 
mineral salts, notably as nitrites and as nitrates. Obviously the oxygen 
thus present has no relation to the concentration of the sewage, and 
its incidental and brief occurrence can be of no ser\'ice in fixing the 
composition. Oxygen is then of importance only as a condition factor. 
Its importance in this r61e is so great that its determination becomes 
one of the most important in our scheme of analysis. In the discussion 
of the free ammonia-organic nitrogen ratio as a condition factor, it was 
staled that the increase in this ratio proceeded slowly at first. It is 
true that even in warm weather sewage may be as old as fifteen hours 
with but slight indication of the fact from this ratio. When putrefac- 
tion once sets in the ammonia ratio is important, but up to that time 
we must rely entirely upon the oxygen values. Fortunately these are 
easily determined, and are thoroughly indicative of the condition in the 
earlier stages. The free dissolved oxygen and the nitrites and nitrates 
l^robably enter the sewage with the domestic water, although in cold 
weather the pnxluction of nitrates undoubtedly takes place in the 
sewage. From that time forward, except under very peculiar circum- 
stances, the tendency is towards the redistribution of this oxygen by 
the bacteria and their products. The rate of change of the oxygen 
is therefore a measure of the activity of those bacterial processes which 
are taking place within the sewage, and which by definition are altering 
its condition. 

There is some reason to believe that by interaction between the 
nitrites and certain decomposition products of the sewage, still ulti- 
mately due to the bacteria, a certain amount of the nitrites are con- 
sumed by direct chemical reaction. Under such extremely anaerobic 
conditions as are found in the septic tank, other salts, such as the 
sulphates and phosphates, are likewise reduced. So sensitive is this 
oxygen test for condition that in the, case of the Boston sewage col- 
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lected at the Sewage Experiment Station, a place at which the majority 
of the sewage arrives when less than an hour old, the amount of the 
dissolved oxygen is a seasonal function. It is entirely absent during 
the three summer months, begins to appear in the early fall, and reaches 
a maximum value sometime in midwinter, decreasing again as the 
warmer weather arrives. 

In Table II are given these results, together with the temperatures 
for nine months. The figures givfen are monthly or semimonthly 
averages of almost daily determinations. During May and June the 
changes were so rapid that semimonthly periods were chosen instead 
of the monthly periods used during the remainder of the year. 



TABLE II 



Month. 



May I to 1 6 
May 17 to 31 
June I to 15 
June 16 to 30 
July . . . 
August 
September 
October . 
November 
December 
January i to 15 



Arerage temperature, 
F. 



57 
61 
62 
68 
71 
71 
68 
61 
53 
40 
46 



Average amount of 
diiiAolved oxveen. 
Parts per million. 



2.9 
1.9 
1.1 
0.1 
0.0 
0.0 
0.0 
0.3 
2.2 
3.9 
5.7 . 



In the accompanying diagram these figures are given in graphical 
form. From the manner in which the oxygen line approaches the axis, 
the dotted portion of the line, lying below the axis, is suggested. This 
would, of course, mean a negative value for the dissolved oxygen. In 
reality we may have some such a condition as this, although it is not 
truly a negative dissolved oxj'gen. After the dissolved oxygen of the 
sewage is entirely used up, the microorganisms begin to draw upon 
other substances containing oxygen. Sulphates, phosphates, and ferric 
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> Dissolved Oxygen 



salts are reduced, giving rise to products which will readily become 
oxidized again upon exposure to oxygen. If such an extremely ana- 
erobic sewage be mixed with equal portions of water containing, let us 
say, ten parts per million of dissolved oxygen, and the dissolved oxygen 
of the mixture determined immediately, the. amount found will be small 
or altogether wanting. It is this uttra-anaerobic condition of a sewage 
which I have represented by the dotted Hne, although its existence in 
this case is purely hypothetical. Its determination by the method indi- 
cated is entirely feasible, and the actual condition of a sewage contain- 
ing no dissolved oxygen can only be expressed in terms of this negative 
quantity which I would call " oxygen avidity." 

The order of disappearance of the three forms of oxygen, namely, 
the free dissolved oxygen and that of the nitrates and the nitrites, seems 
to vary with the other variable conditions. Nitrates are found in the 
fresh Boston sewage most commonly in midwinter, and the nitrites 
generally ha\-e their maxinnim at that time, but there is no -such direct 
seasonal effect noticeable as there is with the free oxygen. In some 
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laboratory experiments made to determine, if possible, the order of 
disappearance of the three forms, the effect of temperature and of the 
organisms present was strikingly shown. These experiments were car- 
ried out as follows : A sample of fresh sewage was collected directly 
from the manhole of the sewer. With this three bottles were filled. 
To each bottle was then added a small amount of paraffin oil to 
keep the sewage out of contact with the air. Dissolved oxygen sam- 
ples were then taken from each bottle by means of a siphon. Samples 
were also taken for nitrates and nitrites. Bottle No. i was kept at a 
temperature of about lo'' C, and bottles Nos. 2 and 3 at about 
22° C. To bottle No. 3 a small amount of sludge from a septic tank 
was added in order to seed it with the septic tank organisms. The 
changes in the amount of dissolved oxygen, nitrates, and nitrites were 
then studied by determining these substances at intervals. The results 
of the series are shown in Table III. 



TABLE III 

EXPBKIMKNT I. Raw SrwAGB. TKMFERATrRB, VP 



Pakts prk Million of Oxygen as 



Time. 




Experiment II. Raw Sewage. Temperature, 22^ 



1/13-10 A.M. 
1/13-2 P.M. 
1/13-5 P.M. 




3.8 
0.0 
0.0 



Experiment III. Raw Sewage Seeded with Septic. Temperature, 22^ 



1/13-10 A.M. 
1/13-12 M. 
1/13-2 P.M. 




3.4 
1.7 
0.0 
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Apparently under various conditions of temperature the relative 
changes in these three substances may be in one or another direction, 
and these changes are influenced by the bacteria. While it is perfectly 
feasible to define the several conditions of a sewage in terms of these 
three oxygen factors, and, if necessary, to determine, as in the experi- 
ments cited, the direction of the changes taking place, yet we are not 
able, with our present knowledge, to apply these condition factors to 
the practical problems of sewage treatment. That there is a consid- 
erable seasonal difference in the results of sewage purification is well 
known. In ordinary out-of-door work this difference is in favor of the 
summer season for reasons which are manifest. By eliminating as far 
as p<3ssible the effect of temperature upon the filter itself, which is 
possible only with small, indoor filters, these seasonal differences are 
reversed, the fresher winter sewage, with its plentiful supply of ox-j'gen, 
being much more readily purified. This general observation is about 
all that we can make at this time. How much of this effect is due 
to the mere presence of the oxygen in preserving the activity of the 
filter, how much to the preponderance of bacterial nitrification over 
bacterial reduction (as shown in Experiment I), and how much to the 
absence of putrefactive changes which are themselves induced largely 
by the lack of oxygen, are questions to be answered by future investi-' 
gations, and they are que3tions which must be fairly met and answered 
before we may claim to have a thorough knowledge of the purification 
processes with which we are dealing. 

One word may be said in favor of the practical use of the condition 
factors here suggested. Results obtained empirically on any one sew- 
age will be made available for general use only after we have discovered 
what are the important characteristics of sewage in relation to its treat- 
ment. Concentration and, to a large extent, composition characteristics 
are directly comparable. If these condition factors are found to be 
essential ones in determining the results of sewage treatment, then 
we may reasonably hope in the near future to be able to make use of 
the large amount of empirical data which t(xlay has little value except 
in reference to the sewage on which it was obtained. 

Chlorine 

It would seem from wholly a priori reasoning that the relation of 
the chlorine to the total nitrogen in sewages from various localities would 
be a fairly constant quantity, these two elements being both of funda- 
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mental character in fcxxl. Such, indeed, is the case in the majority 
of instances, although an occasional striking exception seems to lessen 
the value of the ratio in fixing the composition of a sewage. Unfor- 
tunately the data available for determining this ratio with exactness are 
very meagre. Clark (1904) gives the results of total nitrogen deter- 
minations on the sewages of sixteen cities and towns of Massachusetts. 
Five or six determinations were made on each sewage ; the albuminoid 
ammonia determinations were made at the same time. From this series 
of results the writer has calculated the average ratio between the albu- 
minoid ammonia and the organic nitrogen for each locality. In another 
place in the same report are given yearly averages of monthly analyses 
of these same sewages, but without organic nitrogen determinations. 
Applying the ratio previously found to the albuminoid ammonia fig- 
ures given in these averages, it has been possible to estimate with fair 
accuracy the amount of organic nitrogen, and from this to establish the 
desired chlorine-nitrogen ratio. Table IV contains the results obtained 
in this way. Some results obtained by Fuller (1894) from four of these 
localities and one other, as well as the results from three English cities 
obtained by Rideal (1904), are also given. 

The sewages from these cities and towns show, with a few excep- 
tions, a fairly constant chlorine-nitrogen ratio of from one to one and 
a half. Three of the sewages are strikingly peculiar — Concord, Law- 
rence, and Natick. In Concord a large amount of ground water finds 
its way into the sewers, as is indicated by the extreme dilution of the 
nitrogenous material. There can be little doubt that a large part of 
this water is purified sewage with a high chlorine x'alue. In I^wrence 
the very abnormal chlorine value may be due to mill liquor. Both 
Natick and Leicester have dilute sewages whose high chlorine ratios 
may be due to chlorine in the diluting ground water. The fact that 
a fairly constant ratio can be obtained in the case of most localities 
makes it seem very j^robable that the exceptiorrs represent real variations 
from the normal domestic type. 
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TABLE IV. — Showing the Ratio of the Chlorine to the Total Nitrogen in 

Sewages from Various Sources 

(Parts per million) 



Place. 



Andover 



Clinton . 
Concord 



Framingham 
Gardner (old) 
Gardner (new) 
Hopedale . . 
Lawrence . . 



Leicester 



Marlborough 
Natick . . 



Pittsfield 



Southbridge . 
Spencer . . 
Stockbridge . 
Westborough 

Framingham 
Gardner . . 



Lawrence 

Marlborough . . . 
Worcester Hospital 



Exeter, England . 
Sutton, England . 
London, England 



Nitrogen as 



Free 
ammonia. 



39.7 
33.3 

5.7 
26.1 
20.2 
27.3 
18.3 
18.1 
22.0 
25.9 
12.2 
12.0 
16.1 
14.9 

9.8 
13.8 

22.0 

8.8 

10.8 

27.1 

6.1 



Total 
organic 



16.8 
23.7 

4.2 
16.3 
14.8 
19.8 

8.5 
23.4 

8.3 
14.8 

7.9 
20.4 

8.9 
11.4 

3.3 
11.1 

14.9 
9.6 
14.5 
20.4 
32.0 



Total. 



56.5 
57.0 
9.9 
42.4 
35.0 
47.1 
26.8 
41.5 
30.3 
40.7 
20.1 
32.4 
25.0 
26.3 
13.1 
24.9 

36.9 
18.4 
25.3 
47.5 
38.1 

6:^.7 
88.1 
70.6 



Chlorine. 



70.0 
59.5 
26.6 
69.9 
33.8 
43.8 
22.3 
120.1 
54.7 
59.0 
59.5 
25.7 
29.0 
39.9 
12.8 
23.7 

27.0 
29.0 
37.5 
45.0 
32.5 

75.0 

89.9 

104.0 



a~N 



1.2 
1.0 
2.7 
1.6 
1.0 
0.9 
0.8 
2.9 
1.8 
1.4 
2.9 
0.8 
1.2 
1.5 
1.0 
1.0 

0.7 
1.6 
1.5 
0.9 
0.9 

1.2 
1.0 
1.5 
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Fats and Fatty Bodies 

The determination of the fats and soaps in sewage is one whose 
importance is generally overlooked. These bodies are undoubtedly 
responsible for much of the clogging projx^rties of a sewage which are 
noticed particularly in sand filtration. The fats, being non-miscible 
with water, are the less readily decomposed, a feature which is aug- 
mented by the very stable nature of the bodies themselves. Clark 
(1904) gives as the average yearly amount of these bodies, fats and 
soaps combined, in the I^wrence sewage about si.x parts per hundred 
thousand, or 20 per cent, of the total combustible solids. In the treat- 
ment of the sewage of large private country residences great difficulty 
is found in properly dealing with the fats, which in this case amount 
to a very much larger percentage of the total solids. In one such case 
which has recently come under the writer's study the sewage contained 
2, 100 parts per million of volatile solids, of which 1,400 parts per million, 
or 66 per cent., were fats. In our interpretation the fats have a value 
as concentration factors only. Their determination is of considerable 
importance for the sake of comparisons, and should be made regularly 
in any systematic study. An occasional determination of the separate 
substances, free fats, and soluble and insoluble soaps, would also add to 
our knowledge of the character of the sewage. This separation is easily 
made by the use of suitable solvents. 



Iron, Sulphur, and Phosphorus 

The determination of these elements is not, as a rule, made in 
routine work. It would be extremely useful, however, to establish the 
normal amounts of these elements present in domestic sewages from 
various localities. Such data would be of value in calculating the 
amount of added industrial waste or other liquor which contained these 
elements. During the past year the writer has collected during each 
week an average sample of Boston sewage composed of equal portions 
of each daily sample. On this sample the iron and sulphates have 
been determined. The sulphates in this case are influenced by the 
presence of sea water and are, therefore, of no significance here. The 
iron-nitrogen ratio is found to be 0.2 for the yearly average. Variations 
in this ratio are slight. 
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Turbidity, Sediment, and Solids. Loss on Ignition 

The turbidity, if determined by a proi:>erly standardized method, is 
a rough measure of the suspended soHd matter. The sediment is the 
amount of this matter which has settled out after a given i^eriod. The 
total soHds are usually determined on the filtered as well as the unfil- 
tercd sample. The difference between these two determinations gives 
the amount of solid matter in suspension, that is, the turbidity. Prob- 
ably the most accurate optical method of estimating turbidity is by 
some such instrument as the Jackson turbidimeter.^ This instrument 
is calibrated against finely divided silica, and its readings on turbid 
waters are in close agreement with the actual gravimetric values found 
for the solids in suspension. It is unfortunately true that an optical 
instrument of this nature gives correct values only when the suspended 
matter to be determined is of the same size as that matter against which 
the instrument was calibrated. In reading sewage turbidities in terms 
of silica there is a greater and greater variation between the turbidities 
and the actual solids in suspension as the size of the suspended parti- 
cles increases. Clark ( 1 904, a) has recently proposed as a standard for 
sewage turbidities, and especially for the fairly coarse suspended matter 
in certain filter effluents, a suspension containing a known amount of 
this same coarse and at the same time fairly stable material. From 
this standards may be made up containing varying amounts of the sus- 
pended solids. By using such a material to recalibrate the Jackson 
turbidimeter, one should be able to read the solids in suspension in a 
sample of sewage with a very fair degree of accuracy. If the susi^^ended 
solids are determined in this way there seems to be little need for the 
total si^lids determination. Its results are at best open to suspicion, 
owing to- the difficulty of completely drj'ing a sample without loss of 
organic matter. This is especially tnie in the presence of deliquescent 
salts. 

The sediment may be determined by a second reading of the 
turbidity after the sample has stood for a standard length of time. 

The loss on ignition shows in a rough way the amount of the total 
solids which are volatile at a low red heat. It therefore includes the 
organic matter, with the exception of some of the carbon which may 
remain behind as alkaline carbonate. It also includes all such volatile 



1 Technology Quarterly, 1901, XIV, pp. 285-294. 



56 Earlc B, Phelps 

substances as ammonium carbonate and chloride, and to a slight extent 
other mineral salts. The determination has never been regarded as one 
of much value. 

Alkalinity 

• 

Domestic sewage is normally slightly alkaline. The alkalinity of 
a sewage has little significance in the interpretation unless it has an 
abnormal value. Such a characteristic might indicate the presence of 
industrial wastes which would otherwise have escaped notice. 

Bacteria 

The determination of the number of bacteria present in the sewage 
gives us in general little if any additional knowledge as to its charac- 
teristics. In certain special cases their total absence or presence in 
comparatively small numbers might direct the attention of the analyst 
to the presence of germicidal bodies in the sewage which would have 
otherwise escaped detection. In the discussion of the question of 
effluents the determination of the number and kinds of bacteria will 
be shown to have considerable significance. 

Unfiltered and Filtered Samples 

It is the usual custom in this country to make the principal deter- 
minations both upon the unfiltered sample and upon a sample which has 
been passed through filter paper. The differences noted are assumed 
to represent the amount of the substance in question which has been 
removed by filtration, and hence roughly the amount in suspension. 
In the determination of the total nitrogen or total carbon, such an 
assumption is legitimate. In using such comparative processes as the 
albuminoid ammonia and the oxygen-consumed processes, however, an 
error of considerable magnitude is thereby introduced. For example, 
the writer found in an extended comparison of the albuminoid ammonia 
with the organic nitrogen that as an average of a number of determina- 
tions 40 per cent, of the dissolved nitrogen and only 25 per cent, of 
the suspended nitrogen were recovered as albuminoid ammonia. In such 
a case the albuminoid ammonia might show equal amounts of nitrogen 
dissolved and suspended, when actually nearly two-thirds of the total 
would be in suspension. 
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In Germany and among certain English analysts samples are always 
filtered through paper before analysis. Such analyses are then pub- 
lished as analyses of the sewage. In defense of this practice it is said 
that an analysis of the sewage itself and not of the suspended solids 
is what is desired. Further comment is unnecessary except to state 
that such analyses are in no way comparable with our own. 

Conclusion 

In conclusion it may be well to bring together the various impor- 
tant analytical figures and factors which have been discussed in the 
preceding pages. 

For concentration factors we should have determinations of the 
total nitrogen, total carbon, chlorine, and fats and soaps. Of minor 
importance, but useful in a systematic study for comparison, are the 
determinations of the sulphates, phosphates, and iron. 

For composition factors the ratio of chlorine to nitrogen is perhaps 
under the present conditions of our analytical methods the best that we 
have. With the determination of the total carbon, the carbon-nitrogen 
ratio ought to prove of even greater value. The ratio of oxygen con- 
sumed to total nitrogen is only rough at best and is not independent 
of condition. It will, however, indicate any considerable change in the 
character of a given sewage, such a change as would be caused, for 
example, by a heavy summer shower. 

For condition factors we have at present two independent sets of 
numbers. The oxygen values as found in the dissolved oxygen, nitrates, 
and nitrites serve as an admirable index of the condition of a sewage 
before putrefaction becomes active. During the later stages the free 
ammonia-organic nitrogen ratio is of great significance. The ratio of 
carbon oxidized by permanganate to total carbon may be found to have 
some value in determining condition. As a first prerequisite, however, 
a method must be developed for the oxygen consumed determination 
which can lay some claim to accuracy and constancy. In the accom- 
panying sewage analysis there are given in ordinary tj'pe the analytical 
data which the writer believes will be found essential to a satisfactory 
interpretation of the analysis. The determinations in italics are not 
regarded as essential, but are of value in a systematic study of various 
sewages. New determinations will undoubtedly be added, such as, for 
instance, one which will show the tendency of the nitrogenous matter 
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to hydrolyzc (putrefy) ; ix)ssibly some new ratios will be found to denote 
condition, but in the main the analysis here given is an example of what 
ought to be done in sewage analysis. No argument based upon the 
time consumed in making such an analysis should have weight against 
the adoption of this procedure. The tendency should be towards aver- 
age samples taken from the whole day's run of sewage or the whole 
di.scharge of an efHuent. A thorough knowledge of the action of various 
germicidal bodies in preser\4ng such samples is desirable. Certain de- 
terminations will doubtless have to be made immediately, but the major- 
ity of the determinations here recommended can be made on an average 
sample of one whole week if necessary. Fewer but more representative 
samples examined thoroughly will take no more time than the rough 
analysis of many samples. 

The writer would emphasize the statement already made that the 
object of these proposed factors is not to enable the analyst to say 
that any given sewage is of a certain age or of a certain composition. 
Such information might be more readily and accurately gathered from 
a survey of the sewerage system, and in fact no such concrete reference 
can be made from the analysis. It is known, however, that a study of 
our filtration results, and esixjcially those obtained at our experimental 
plants, leads us at present only to emph*ical data which are correlated 
but slightly with one another or with the results from other plants. 
It seems more than probable that such a condition is due to lack of 
proper inteq^retation of our analyses, and that if we can truly interpret 
these analyses in terms of essential characteristics from the point of 
view of purification, and study our purification results on the basis of 
this inteqiretation, then we shall find that these results are correlated 
with the analyses and with one another, and that it may be more possi- 
ble than heretofore to predict the probable effect of treating a given 
sewage by a given system of purification. 

In the present pai)er we have considered only the subject of raw or 
untreated sewages and of septic sewages. The analysis of the efHuent 
of a sewage filter is made for the distinct purpose of estimating the 
efficiency of the process of purification, and the interpretation of such 
an analysis requires a treatment quite distinct from that given here to 
sewage analyses. In a future paper the writer hopes to take up the 
discussion of this other important phase of the interpretation of sewage 
analysis. 
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TABLE V. — Specimen Sewage Analysis 



Nitrogen : 
Total 
Organic 
As NH, 
As NoOs 
As NoOs 



Carbon : 
Total . . 
By KMn04 
As CO2 . . 



Chlorine 

Oxygen : 
Dissolved 



Fatty Acids: 
Total . . 
Saponified . 
Unsaponified 



Sulphur 
Phosphorus 
Iron . . . 



Alkalinity 



Turbidity : 
Total . . . . 
On standing 
Sediment (CUff.) 



Total. 



55.6 

30.0 

25.0 

0.1 

0.5 



280.0 

14.0 

5.0 

00.0 



10.0 

01.0 
;i5.0 
20.0 

7.0 

1.0 

12.0 

212.0 



320.0 

260.0 

60.0 



Parts puk Million. 



Dissolved. 



40.6 
15.0 



120.0 
8.0 



30.0 
30.0 



Suspended. 



15.0 
15.0 



160.0 
6.0 



31.0 

6.0 

26.0 



Ratios : 

Carbon-nitrogen 

Chlorine-nitrogen 

Ammoniacal-organic nitrogen 
Carbon by KMnO^-total carbon 



5.1 
1.1 
0.8;^ 
0.05 
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ON A SCALE OF COLOR-VALUES AND A NEW 

PHOTOMETERS 

By albert H. MUNSELL 
(Read October 27, 1904) 

The definition of color involves three qualities: hue, value, and 
chroma ; or, in terms of the wave theor)% wave length, wave amplitude, 
and wave complexity. The second of these qualities is paramount in 
picturesque art, for, although the painter may employ considerable lati- 
tude as to hue, small errors of value quite distort the shape of familiar 
objects. 

Thus in a portrait, if the rosy hue of the cheek be made too light 
or too dark for the surrounding color, that surface seems in advance 
of the head or is plunged back of the malar bone. In landscape art, 
failure to relate these values properly makes it impossible to render 
the illusion of outdoor nature. 

Helmholtz says that he finds it very difficult to compare the lumi- 
nosity of different colors ; but every worker in color is constantly called 
upon to make such comparisons, and the half dozen years of academic 
study required to train an artist arc largely spent in experiments with 
color-value. It is true that the results are likely to fluctuate with the 
mental and physical state of the painter, but in spite of this personal 
bias a tolerable consistency of relation is indispensable to his success. 

Unlike the musician, who is trained to the correct estimate of 
musical values by a system of measured intervals, the painter has 
no system and can refer to no established scale of color-value. Not 
many centuries back musical intervals were unmeasured, and a friend 
of PojDe Gregory remarked that ''unless sounds be retained in the 
memory they must perish, for they cannot be written." Today that 
seems to be the situation in color. There is no established standard 
of color intervals, while the terms employed to describe color are too 
meagre and loose, to define its subtle differences. Perhaps this ac- 
counts, in part, for the tendency to borrow musical terms, such as 
tone, pitch, key, chord, and symphony. 



1 Patented November 19, 1901. 



On a Scale of Color-values and a New Photometer 6r 

Belie\ing a measured scale of color would be valuable both for 
reference and in the training of the eye, experiments were begun some 
years ago with a tentative scale of gray values evenly spaced from 
white to black. This was criticised by artists, dyers, salesmen of col- 
ored goods, and others, who were asked to select the middle value, i. ^., 
a gray midway between the extremes of the scale. To test further this 
choice, the selected gray was placed bctwebn white and black, so that 
a slight shift of value could be made if desired, until the eye accepted 
the two intervals as of equal contrast. 

This average choice of middle value then ser\^ed to grade a scale of 
ten steps made by the use of Maxwell disks. Finding, however, that 
for equal steps of sensation, the increase of white above middle gray 
was more, rapid than it was below that point, the areas were readjusted 
to conform to a geometric curve (Weber's law^). When this scale was 
submitted to Captain Abney, he replied, ** I should say that your scale 
is one to be trusted.'* 

F'iner subdivision was obtained by marking the circumference of a 
white circular disk in loo steps to agree with the geometric curve, 
and combining it with a disk of black velvet. Both disks had a radial 
slit so that any desired areas of the two could be united. A motor was 
arranged to drive two shafts, one of which carried the variable disks, 
while on the other was placed a sample of gray or of any col(^r whose 
value it was desired to ascertain. In rapid rotation the black and white 
disks of variable area apj^eared to melt into a uniform gray, and by 
varj'ing the proportions until this gray matched the luminosity of the 
sample its value could be read from the circular scale as a percentage 
of white. 

But this method had the disadvantage of being slow, and there was 
risk of lateral reflections from the walls and objects in the studio. 
The eye also became fatigued by the flashing of the black and white 
disks as they gained speed. In casting about for other means, com- 
parisons were made on a Bunsen photometer, only to realize fresh diffi- 
culties, both from the color of the light and from the fact that its best 
efficiency is limited to values between 35 and 65 per cent., above and 
below which the ratios are not reliable. 

Since the problem was distinctly photometric, yet apparently not 
solved by existing forms of the instrument, the natural desire was to 
devise a new one for this purpose. Experiments were made with 



^Wundt: GrundzUge der physiologische Psychologic. Ed. 5. I, 1902, p. 497. 
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devices ranging in size from a jewel lx)x to a chest. They were 
pierced with ojx^nings of various shaixjs for shutters and obser\'ation 
tubes, fitted with diaphragms at various angles to temjxir the light, 
while screens and mirrors were used to lead the light to the eye. 
A nuKlel was at last ixjrfected which ser\'ed either with natural or 
with artificial light, and was so compact as to be easily jx)rtable. 

The essential idea was that if a white card be projxirly safeguarded 
from stray light, and its illumingition controlled by a suitable shutter, it 
may be made to trace the complete scale from white to black. Certain 
inten^als of this scale are given by the diaphragms used in a photo- 
graphic camera, and an instantaneous shutter traces the entire scale at 
a flash. If instead of this shutter we substitute one which will stand 
at any desired degree of opening, and then place a white cj^rd in the 
plate holder, the camera furnishes an easily measured scale of \'alue, 
without the disadvantages already noted in the use of Maxwell disks. 

The next question is to adjust the sample beside this variable scale. 
The illumination of the .sample must remain constant while that of the 
white card is varied, and the eye must be able to obser\'e both through- 
out the process. This is accomplished by placing the sample in a sec- 
ond camera, identical in ever}' way except that it is not fitted with a 
shutter, and combining the two side by side with the thinnest jwssible 
septum. An eyepiece then jx^rmits observation of the interior of both 
cameras, without allowing any .stray light to enter, and one watches the 
alternate darkening and lightening of the white card by the adjustable 
.shutter until the value of the sample is matched. 

The .shutter, or adjustable valve, is known as a cat*s-eye. Its aper- 
ture is always sc[uare and central at every degree of ojxining, making 
it easy to measure the volume of light admitted to the camera in terms 
of the side or the diagonal. 

Although the manipulation of such an in.strument is simple enough 
to be underst<M)d by a child, the problems that aro.se during its devel- 
opment were by no means simple. In trying to follow the law of 
sensation as exemplified by the scale first described, nearly a score of 
shutters were made and calibrated, and the cat\s-eye finally was adopted 
because of its easy verification. There were numerous optical questions 
as to the use of lenses and mirrors, as to the proix)rtions which would 
give the best effective illumination, the diffusers necessary to prevent 
the effect of pin-hole photography as the shutter closed, and in general 
the best conditions for visual ease in making the comparisons. 
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Amid these difficulties helpful suggestions were given by Professor 
Cross and Professor Clifford of the Institute and by Dr. Bowditch of 
the Harvard Medical School, in whose laboratories the first instruments 
were installed. They are of portable size, weighing 10 pounds,' and 




Fic. I.— TheMunskll Photombtek Fig. z. — Opposite Side of the Same 

Open and Ready Putt Use C, gtir lor shutter; 5, scrftn; Qiherltllering» 

C,a»am\.',D.Sa\\ £, eyepiece; /f, holder; In Figure 1 

measuring 8 x ii x 14 inches. Details of their mechanism arc shown 
in Figures i to 5. 

Figure i shows the instrument open and mounted ready for use 
upon a tripod. ZJ is a dial divided into 100 parts. The dial hand is 
carried on a shaft whose gear actuates the 
shutter, so that when it stands at o all 
light is excluded from the variable half, 
and with the hand at 100 full light is ad- 
mitted. E is an eyepiece inserted into the 
cabinet, C, which contains a mirror reflect- 
ing both the scale and the sample. H is 
a hinged door, or holder, carrying both the 
sample and the standard white whose ob- 
scuration by the shutter fumislies the com- 
plete scale of value. When not in use, 

the cabinet and eyepiece are dismounted 

J 1 ■ ■ , , , Fio. "1. — The Phutosietek 

and stored m the open space to the left closed 
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of the dial, permitting the instrument to be completely closed, as in 
Figure 3. 

Figure 2 is a view opposite to that in Figure i, showing the two 
similar openings which illuminate the variable and the fixed half of the 
instrument. 5 is a diffusing screen to distribute the light evenly and 
prevent the effect of pin-hole photography as the shutter closes. Behind 
this screen plays the cat*s-eye shutter, consisting of two leaves super- 
posed, and pierced with square openings that exactly register when the 
shutter is open. These leaves move in opix)site directions when driven 
by the gear, G, preserving a central opening which is always square 
until absolutely shut, and thus allows easy verification of the dial in 
terms of the volume of light admitted by the square opening. 

Figure 3 is the instrument closed for transportation. 




^L=^l^- ^^^1= 




Fig. 4. — Vertical Section in the 
Plane x y of Figures i and 2 

C, cabinet ; D, dial ; A", eyepiece ; C, shutter- 
gear ; H, holder; M, mirror ; 5", screen 



Fig. 5. — Horizontal Section Through 
the Openings 



Figure 4 is a vertical section through the centre of the variable half, 
as shown by the line x y in Figures i and 2. Light enters through 
the diffusing screen, and is controlled by the variable shutter so as to 
produce any desired illumination upon the standard white. This is 
reflected to the eye by the mirror, J/, and viewed through the eye- 
piece, E. A shaft connects the dial hand with the gear actuating 
the two leaves of the shutter, whose symmetrical balance obviates any 
tendency of the oiDcning to alter when a reading is to be made. 

Figure 5 is a horizontal section through the centre of both openings 
admitting light to the symmetrical halves of the instmment. Smaller 
openings in the face of the cabinet permit the light to reach the stand- 
ard and sample in the holder, and also act as diaphragms to further 
ensure the equalization of light in both halves. Two beams of identical 
character, emanating from the same source, yet entirely isolated, are 
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thus allowed to fall on the holder at the back of the cabinet. The 
eye is enabled to see and compare the relative luminosity of standard 
and sample by means of the mirror, and when both are equally luminous 
the dial hand indicates the value of the sample in terms of standard 
white. 

The description thus far has assumed a single source of illumination 
— either daylight, as at the north window of a studio, or an artificial 
light. But provision is also made for comparing the light from differ- 
ent sources and its effect upon different colors, as when the change is 
made from natural to artificial illumination. This is indicated in Fig- 
ure 5 by the dotted line in front of the fixed opening, which represents 
a closed box containing an incandescent lamp, or any other convenient 
form of artificial source. This box can be adjusted to either half of 
the instrument, and the source of light contained may then be taken 
as a basis of comparison for other degrees of illumination. 



Calibration of the Instrument^ 



The dial of the photometer 
(Figure 6) is provided with two 
scales, an outer and an inner one. 
The outer scale is divided into 
100 equal degrees of value, i.e,^ 
sensation of luminosity, from o = 
complete blackness to icx) = pure 
white illuminated to the full ex- 
tent of the instrument, 50 being 
the middle value. It differs thus 
from the usual photometer scale in 
being a scale of sensation instead 
of intensity of light. But the in- 
strument is so constructed that the 
pointer moving over this scale gives 
also an accurate measure of the 
diagonal of the variable aperture 
in millimeters. As the area of the 
aperture, and hence the amount of 
light admitted, is proportional to 
the square of the diagonal, it is 




Fig. 6. — Photometer Scale 



^ This section has been recast by the Editor. 
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easy to calculate the relative intensity of illumination from the reading 
on the scale of values. 

The relation between the intensity of light and the sensation of 
value is found to be as the ratio of a number to its square root, and 
this is illustrated by the curve (Figure 7). It will be seen that we 



10*4 

/ 



/ 



k 



/ 



/ 



/ 



/ 



• 



/ 



luMfe v«lu«^ 



1/ 




t 



I 



/ 



/. 



XO »0 40 3X) 60 to 



eo 



Jl 



s 
1 



r 

to 

I. 



LI 
1 

-< 



2 



90 



I 



lOQ 



Fig. 7. — Curve Showing the Relation Between Readings op the Scalk 
OF Values on the Dial and Areas of the Shutter Admitting Light 



have here Weber's law of the relation between stimulus and sensation 
expressed by a curve of square roots instead of the logarithmic curve 
of Fechner.^ Thus, if our scale of value nms from o to lOO, the 
corresponding scale of light will extend from o to 10,000, and 50 per 
cent, of value, middle gray, will correspond to 2,500, or 25 per cent.,. 



1 Wundt, loc. cit. 
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on the scale of light. Or, if F= value, L = light, and A!' is a constant 
dependent upon the scales of light and value used, then V= K^L. 

The inner scale is intended to be used for testing sources of light, 
a 10 candle-power lamp being taken as the standard. For sources of 
light more intense than the standard this is arranged to be used in the 
opposite direction to the scale of values. Thus to balance the standard 
with a lamp twice as intense the shutter must be choked down to half 
the full area ; for a lamp four times as intense it must be reduced to 
one quarter the full area. Hence forty candles on the inner scale cor- 
responds to 50^ on the outer one. For when the shutter is adjusted 
to balance a stronger light against the standard, the candle-power indi- 
cated will be the reciprocal of the fraction of the full area multiplied 
by the standard. That is, if a lamp having C candle-power appears of 
equal value to the standard of C, candle-power when the area of the 

shutter is reduced to — of the full area, A, then C = mC, and 



\m 



A will give the corresponding reading on the scale of values. 



Brief Directions for the Use of the Photometer 

Test, — Place the instrument on a tripod or table, about 3 feet from 
the source of light. Centre by means of the screw heads at the top, 
so that both halves of the white field on the holder are equally illumi- 
nated. Avoid lateral reflection from any surface. With the shutter 
fully open (100 on dial), the white appears identical on both sides of 
the central partition. With closed shutter (o on dial), one-half is 
rendered absolutely black. 

Sensitive readings can be had at a north window receiving unbroken 
sky illumination for three hours either side of the meridian, or at night 
from a 16 candle-power lamp, 3 feet distant and screened by a square 
foot of ground glass. 

Method I: To Detertnine the Value of Reflected Color. — The 
degree of light reflected from a sample of colored goods is found by 
placing the color sample on the fixed half of the field, adjoining stand- 
ard white on the variable half. The cat*s-eye serves to increase or 
diminish the light on the standard white, until both halves appear 
equally luminous; the value of the color then may be read on the dial. 
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This is its daylight v^lue. By substituting artificial light, the dial will 
register the gain or loss of luminosity which this color exhibits in a 
changed illumination. 

Inversely, the color of any light may be plotted as a curve, signifi- 
cant of its effect upon a series of colored samples. No dark room is 
needed for these comparisons, as a blackened box containing the arti- 
ficial light is readily fitted to the front ajxirtures, and the eye of the 
observ^er remains immersed in daylight. This method applies to all 
pigments and colored materials, such as silks, woolens, cottons, papers, 
enamels, etc., which reflect light. 

Method 2: To Determine the Values of Transmitted Color. — A 
sample of colored medium, as, for instance, a red signal glass, is secured 
over the fixed opening, and that half of the field appears red by its 
transmitted light. The variable half of the field is then alternately 
darkened and lightened by smaller intervals, until both halves appear 
equally luminous, when the dial registers the jx^rcentage of light per- 
ceived through the red glass. Various red glasses reduce the apparent 
luminosity from 63 to 87 ixir cent, of the outer scale. 

When a signal glass has been standardized, the illuminating power 
of various signal oils is readily measured by use of the inner scale on 
the dial. 

Method J: To Determine the Illuminating Power of Light 
Sources. — The candle-power of an electric lamp is readily ascer- 
tained. The dark box, which can be adjusted to either of the front 
openings, is fitted with a standard lamp (reflector pattern preferable) 
and connected with a storage battery of known voltage. The lamp 
to be measured is placed symmetrically with the standard lamp in its 
dark box, with the lamp of supposedly greater ix)wer, illuminating the 
variable half of the field. 

The field is then equalized as before by the shutter, and the inner 
scale of the dial registers candle-power directly. This can be done even 
though the sources of light are of different color, which is difficult with 
the Bunsen and other photometers. When the lamp to be tested is 
of less candle-i^ower than the standard, it is only necessary to reverse 
the position of the standard and calculate the ratio. 

If the lamps compared do not greatly differ in intensity, a darker 
field inserted on the fixed side, brings the readings below 30 of the 
dial, where the eye is very sensitive to small differences of illumination. 

This offers a direct test of the efficient illumination, which often 
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does not accord with the candle-power rating of lamps, for while the 
current may remain constant, the lamps steadily deteriorate by darken- 
ing of the glass, waste of the filament, etc. 

Method 4: To Measure the Diffused Light of a Room. — The 
relative illumination of any room, or the amount of light available at 
any point in the room, as at a desk or show case, is readily found by 
the above method when the standard lamp is connected by a flexible 
cord of convenient length. This permits of a series of readings at 
fixed intervals, from which a plot of the general illumination of the 
room is made as easily as the relative temperatures are obtained with 
a standard thermometer. 

Method 5-* To Test the Relative Sensitiveness of Each Eye to 
Light and Color, — The optician and the psychologist have in this 
instrument a ready means of testing individual retinal sensitiveness. 
The objective determinations above described serve as data in subjec- 
tive tests. The dial may be screened so that the readings are unknown 
to the person who thus unconsciously records the sensitiveness of each 
retina to known lights and colors. It is of interest to note that persons 
who are color blind find such comparisons more easy than those who 
are sensitive to color, because with them the element of difference of 
hue felt by the normal person is not added to that of difference in 
\'alue. 

Personal Bias, — To trace the effect of the personal equation in 
photometric estimates, a table is given of readings from the same gray 
sample made by four individuals. The source of light was a 16 candle- 
power lamp screened by ground glass at a distance of 3 feet. 

^ is a set of readings by a painter who ordinarily wears glasses 
to correct inequality of the two eyes, but who discarded his glasses in 
these comparisons. A pretty constant interval between readings by the 
right and left eye can be traced. 

y is a younger person who does not wear glasses, and the readings 
show that both eyes preserve an average of stimulation. 

jE is a six-year-old boy, and G is his nurse, totally unfamiliar with 
the instrument and the process, who showed some nerv^ous excitement 
in the effort to read. 

The total average of the readings by A is 50.25, by y it is 50.02, 
by E it is 52.5, and by G it is 52. The average reading of the four 
persons is 51.19, from which there is a departure of i per cent, in 
either direction. 
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When the above averages are plotted (Figure 8), it appears that the 
second reading in each is exaggerated, due perhaps to some action of the 
retina, when the observation tube shuts off all side illumination from 
the eye. As the eye becomes familiar with the conditions there is a 
downward trend in the readings, as if less stimulation were needed for 
the comparisons. 
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Disturbance of Color Relations by a Cltange 
in the Color of the Source, — Figure 9 describes 
the effect of a change of light upon two different 
hues, the samples used being cut from ordinary 
red and blue tags. In daylight they appear of 
nearly the same luminosity (red, 44 ; blue, 46) ; 
but by substituting an incandescent lamp before 

Fiag^-DiAGRAMSHow. ^^^ photometer, the blue loses 4 per cent., while 
iNG THE Change in the red gains 1 1 per cent. This inverts their po- 
Relativ^ Luminos- gj^.jQj^ jj^ tj^^ g^j ^j^j separates them by a total 

ITY OF Two Samples ' ^ ^ 

WITH Change IN of 13 per cent, in value. This test was made by 
Coix^R OF Source of several persons, and one was discovered whose 

Light 

readings preserved the interval, but all the read- 
ings were moved five points higher in the scale, as if that increase of 
stimulation was needed by this individual to match the colors. 

Figure 10 shows a similar test of two signal 
glasses, a red and a green. By daylight the green 
glass gives 60 per cent, of the apparent lumi- 
nosity of the incident light, while over an electric 
lamp it is reduced to 34 per cent. The red glass 
by the electric illumination gives 24 per cent., but 
only 12 per cent, by daylight, so that the luminous 
values of these two signals which differ by 48 per 
cent, of the scale in daylight are separated by but 
ID per cent, under the artificial light. 

Disturbatue of Color-values as a Result of Very 
Low Illuvtination. — The so-called Purkinje effects 
which colors suffer in a twilight illumination can 
readily be studied and measured by using a vari- 
able source of light, or by cutting down the 
volume admitted to the instrument. 

Sources of Error and Precautions, — The first 
essential for accurate results by this method is ab- 
solute symmetry in the instrument. Any unevcn- 
ness of material in the diffusing screen, or difference 
in the apertures which admit the light, must of 
necessity destroy the balance. 

Should the halves of the mirror get out of plane, 
or if dust settles unevenly upon* them, or should 
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a leak of light be caused by rough handling, it can be detected by 
placing a piece of standard white on both sides of the holder, when 
they will fail to balance. The test is made more complete by then re- 
versing their places to see if the inequality i>ersists. Failure to dupli- 
cate the readings shows inequality of the two halves, due either to 
one of the causes already named or to a failure to place the source 
of light centrally. 

When used in daylight near a window care must be taken that 
surrounding buildings do not affect the color of the light, and if their 
sky line is very broken it is well to use only the overhead light of 
the sky by means of a mirror or a sheet of white blotter inclined at 
about 40° and a foot in front of the apertures. In a dark room or at 
night the centering of the source is easily verified by the screw sight 
on the top of the instrument. 

Physicists who are familiar with this photometer find it sensitive 
and satisfactory in measurements of light and color, while its simple, 
portable character makes it very convenient for such comparisons. 
Special interest attaches to the fact that it forms part of a new sys- 
tem^ for the identification of color by measured scales of hue, x^alue, 
and chroma, which provides means for the plotting of color relations 
in quantitative terms and for their description by a definite notation. 



^Munsell: A Color Notation. Boston, Ellis, 1905. 
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THE EFFECT OF SIL VER ON THE CHLORINATION AND 

BROMINATION OF GOLD^ 

By H. O. HOFMAN and M. G. MAGNUSON 

Introduction 

When dry chlorine gas is made to act in the cold upon finely- 
divided gold,2 it converts the latter with evolution of heat into auro- 
auric chloride, AU2CI4, a hard, dark-red, hygroscopic salt. Moisture 
splits this salt into aurous and auric chloride, AU2CI4 = AuCl -f- 
AuClg ; treatment with water converts it into auric chloride and gold, 
3 Au^Cl^ = 4 AuClg + Au2. Aurous chloride, when stirred with 
w'ater, undergoes a similar decomposition, 3 AuCl = AuClg -f- Au2. 
These decompositions of auro-auric chloride and of aurous chloride fur- 
nish the explanation for the practice of moistening an ore before it is 
treated by the Plattner chlorination process, practical experience having 
shown that gaseous chlorine gave an unsatisfactory extraction with dry 
ore. 

According to Rose,^ fine gold is acted upon more slowly by chlorine 
than gold containing some base metal, e.g., copper. He also states that 
small quantities of silver increase the rate of solution, but adds that the 
coating of silver chloride formed checks, and finally stops, further action 
if the percentage of silver be increased beyond a certain undetermined 
amount. 

Bromine* acts upon finely divided gold in a manner similar to 
chlorine; the auro-auric bromide, AugBr^, however, is not hygroscopic. 
Upon treatment with water it is decomposed as is the corresponding 
chlorine salt. It is generally believed that bromine does not act as 
energetically upon gold as does chlorine. This seems to be borne out 



1 Reprinted from Transactions of the American Institute of Mining Engineers, Lake 
Superior Meeting, September, 1904. 

^Thomsen, Journal fiir Praktische Chemie, 1876, XIII, p. 337. 

'Metallurgy of Gold, London, 1902, p. 268. 

^ Thomsen, op, cit. 
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by the results in the leaching plant of the Black Hills Milling and 
Smelting Company, Rapid City, South Dakota,^ where barrel-chlorina- 
tion and bromination were comi:)ared in the laboratory and in the mill, 
and chlorine was found to make poorer tailings than bromine. Rose,^ 
however, in experimenting w\^n\ the rate of solution of gold by chlorine 
and bromine, found that bromine dissolved gold more rapidly than chlo- 
rine, and that the action of both was quicker at from 50° to 60° C. than 
at ordinar)' temjxjrature. 

Percy ^ describes two striking lecture-experiments which show how 
readily silver leaf is converted into silver chloride or bromide by the 
action of gaseous chlorine or chlorine water, or by bromine vap)or or 
bromine water. A large bottle is filled loosely with silver leaf ; upon 
introducing chlorine or bromine the leaf is entirely converted in a 
short time into white chloride or yellowish bromide. As to the effect 
of silver ujxm chlorination of gold, the only figures published are those 
of Dietzsch,* Wagemann,^ and Coignet.^ Dietzsch and Wagemann say 
that the gold must be at least 0.917 fine, if a satisfactory extraction 
is to be obtained, and Coignet asserts that gold with from 10 to 12 
per cent, of silver is more readily dissolved than pure gold, but that 
gold with from 40 to 50 jx^r cent, of silver cannot be treated by chlorine 
with a view of dissolving the gold. 

In regard to the effect of silver on bromination of gold, no data 
apjxiar to have been published. 

In chlorinating gold with gaseous chlorine in a stationary vat, the 
gold should be more effectively protected by the silver chloride formed 
than when chlorine-water or bromine-water is used in a revolving barrel, 
as the coating of silver chloride or bromide formed will be removed 
more or less by the abrasive action of the charge upon the metallic 
particles. 

The aim of the research to be described in this paper was to find 
the dissolving power of chlorine-water and of bromine-water upon gold 
and upon a series of alloys of gold and silver, the operations being 
carried out in revolving vessels. 



1 Godshall, Engineering and Mining Journal, January 6, 1904. 

2 Op. cit., pp. 267, 268. 

8 Metallurgy of Silver and Gold, London, 18S0, Part I, pp. 56 and iia 

* Berg- und IlUttenmannische Zeitung, 18S1, p. 13. 

^ Ibid.\ 1889, p. 249. 

^Bulletin de la Societe de Tlndustrie Minerale, 1898, XII, p. 762. 
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The Ore Charge 

The ore used in the experiments was made up of quartzite and gold 
DF gold-silver alloy. The quartzite was crushed to jjass a 40-mesh sie\e, 
and freed from particles of iron from the crushing machinery by means 
of a magnet and by boiling with acid. The alloys were prepared from 
chemically pure gold and silver. The metals were rolled into strips, the 
desired quantities then weighed out to 0.01 mg. and alloyed by fusing on 
charctal before the blowpipe. The resulting globules were hammered 
to thin disks and each converted into a fine powder by holding in 
pinchers and rubbing the edge on a fine file, using a very slight pres- 
.sure. Any particles appearing to be coarse under a magnifying glass 
were put aside. The quantities used were t<M> small to allow the use 
of a limiting sieve ; the size of particles is therefore not definitely 
given. A charge was made up of 5 assay-tons of 40-mesh quartzite 
and 10 mg. of metal, making thus an ore assaying 2 ounces per ton. 
The composition of the series of alloys tested was : — 
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The Apparatus 

The dissolving tests were made in pint fniit-jars of glass, 3 inches 
in diameter and 6 inches high, the covers being held in place by screw- 
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clamps, and the joints made tight by rubber gaskets. The jars were 
rotated in the Richards Revolving Apparatus, shown in Figures i 
and 2} This is seen to consist of a horizontal shaft with pulley, hav- 
ing at either end a cylindrical box holding seven jars. Each box has 
a wooden bottom, twelve staves connected by a stout wire, and sides 
of 2.5-pound lead. A jar is held loosely in a horizontal position by 
three sheet-steel springs screwed to the wooden bottom. A circular 
felt pad, b, tacked down between three springs protects the bottle 
against jarring. The barrel makes 4.3 revolutions per minute. 

The Solvents 

In order to obtain a satisfactory extraction of gold by chlorination 
or bromination, it is essential to have an excess of reagent over that 
taken up by the ore. In working on a large scale, it has been found ^ 
that the consumption of chemicals per ton of ore is the larger the 
smaller the charge. Bringing this down to a laboratory scale, the 
quantities necessary will be much greater than those found in prac- 
tice. Considering further the manner of preparing the finely-divided 
gold or gold-silver, which was coarser than that found in ores subjected 
to leaching, the excess of solvent in the present case has to be larger 
than that required by a natural ore in a laboratory test. 

In comparing chlorine and bromine as solvents, it will be necessary 
to have equivalent quantities. Guided by experiences in regular labora- 
tory practice,'^ the quantities of bromine settled upon, using 150 c.c. of 
water and 5 A. T. of ore, were 3.0, 2.0, 1.5, i.o, 0.8, 0.7, and 0.5 c.c. 
According to Roozeboom,* a saturated solution of bromine in water 
contains at 0° C. 4.05 per cent, of bromine ; at 3°, 3.8 per cent. ; and 
at 10°, '3.33 per cent. The solubility decreases slowly with the tem- 
perature. Dancer^ gives for 15° C. 3.226 per cent, of bromine, and 
for 30° 3.126 percent. With i c.c. of bromine weighing 2.99 g., the 
equivalent of chlorine will be 1.32 g., according to the ratio, Br : CI = 
79.96 : 35.45 = 2.99 : X, The chlorine in the experiments was ob- 
tained by the action of sulphuric acid upon bleaching powder. The 



^Ore Dressing, by R. H. Richards, II, p. 1157; reproduced by the courtesy of the 
Engineering and Mining Journal. 

^Godshall, Engineering and Mining Journal, January 6, 1894, p. 6. 

* Notes on Assaying, by R. W. Lodge. Wiley & Sons, New York-^ 1904, p. 248. 

^ Dictionary of Chemical Solubilities, by Comey. Macmillan & Co., London, 1896, p. 62. 

* Comey, op. cit. 
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available chlorine in this was determined ^ by adding to a semi-solution 
of a weighed quantity of bleaching powder an excess of a standardized 
solution of arsenious oxide, titrating back with a standard solution of 
iodine, and calculating the available chlorine from the oxidized arsenious 
oxide. The bleaching powder contained 20.78 per cent, of available 
chlorine, or the weight of the desired amount of chlorine in grams has 
to be multiplied by 4.81 in order to obtain the necessary bleaching 
powder. Multiplying by five gives a slight excess. For each gram 
of bleaching powder used, 1.5 g. of concentrated sulphuric acid (specific 
gravity, i .84) was added. The solubility of chlorine in water is limited. 
According to Gay-Lussac : ^ — 



TABLE I. — Solubility of Chlorine in Water 


1 c.c. = 1 g. water dissolves 


c.c. a.t 


gr. Cl.t 





1.43 


0.0045 


8 


3.04 


0.0096 


10 


3.00 


0.0095 


17 


2.37 


0.0075 


100 


0.15 


0.0002 



* Only part of temperatures g^ven in the original are reproduced here, 
t Not corrected to 0° C. and 760 mm. 
tec. Cl X 0.00317344 = gr. Q. 

Mode of Operating 



In making up a charge, the gold or alloy powder was well mixed 
with the 40-mesh quartzite and charged into the flask. In brominating, 
150 c.c. of water was added, and then the required cubic centimeters of 
bromine dropped from a graduated pipette, keeping the tip under water. 
In chlorinating, the bleaching powder was mixed with the ore, the mix- 
ture filled into the flask, 150 c.c. of water added, and lastly the sulphuric 
acid. Although there is some danger of loss of chlorine in this method 
of charging, on account of the gas being sometimes evolved before the 
lid can be secured down firmly, it is to be preferred to charging the 
bleaching powder in bulk and then covering it with the ore, as the powder 
is not so liable to form lumps coated with calcium sulphate, which prc- 



1 Quantitative Chemical Analysis, by H. P. Talbot. Macmillan, New York, 1899. p. in 
- Comey, Dictionary of Chemical Solubilities, p. 105. 
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vents further action of the sulphuric acid and thus gives less chlorine 
than called for by the test. The time of rotation was uniformly 5.5 
hours, the barrel making 4.3 revolutions per minute. When the time 
had elapsed, the content of a jar was transferred to a 7-inch filter and 
washed for from two to three hours with from 800 to 1,000 c.c. of 
water, ferrous sulphate serving as reagent to test for gold ; the residue 
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and filter were placed on a roasting dish at the mouth of a mufHe, dried, 
the filter burned, the whole passed through a sieve to break up all 
lumps and charged with the necessary fluxes into a Baltersea crucible, 
mark K, and fused. The charge — comprising ore, 5 A. T. ; sodium 
bicarbonate, I50g. ; litharge. 300 g.; argols, 10 g. ; and the salt cover 
— gave in 1.5 hours a lead button weighing about 125 %., whicl} had to 
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be reduced by scorification to about 25 g. before the cupellatkm. This 
was done in a 3.5-inch scorifier, necessitating one ixnirinK-off of slag. 
The alloy buttons were parted in the usual way after a<lding the re- 






quired quantity of silver and fusing before the blowpiiie. The condi- 
tions of assay were kept as uniform as jxissible, in order that any luss<.'s 
by slagging, volatilization, and cu|k;1 absorption might be the same, and 
the results correct in relation to one another. 
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Results 

The results obtained are given in Table II for chlorination, and 
Table III for bromination, and graphically represented in Figures 3 
and 4. The tables require no further explanation. In Figure 3 the 
constant is the quantity of active reagent, the variables are the per- 
centage of extraction drawn as ordinate and the ratios of gold and 
silver drawn as abscissa. In Figure 4, which was plotted to bring oilt 
in a more striking way the dissolving effects of chlorine and bromine, 
the variables are quantity of reagent drawn as ordinate and the percent- 
age of extraction drawn as abscissa, while the composition of the alloy 
is the constant. In analyzing the results of chlorination in Figure 3, 
it is seen that with pure gold the solutions containing 2.8, 2.1, and 
1.4 g. of chlorine give good extractions, /.^., 99.6, 98.6, and 92.5 per 
cent.; with 1.3 g. chlorine there is a sudden fall to 45.2 per cent, and 
with 1.2 g. a second decided lowering of extraction to 25.6 per cent; 
from now on the yield decreases with the diminishing quantity of 
chlorine present in more regular way. 



TABLE II. — Chlorination of Gold and Gold-Silver with Varying 

Quantities of Reagent 

Ore, 6 A. T. ; water, 150 c.c. ; time, 5.5 hours. 



1 


^EAGB.NTS. 


! 






Prkcious 


Metal. 


Milligrams. 






J 


























Gold 10 : 


silver 0. 


Gold 9 : 


silver 1. 

1 


Gold 8 : 


silver 2. 


Gold?: 


silver 3. 


Bleaching 
powder. 


Sulphuric 
acid. 

Grams. 


Chlorine 
(calcu- 
lated). 

Grams. 


Gold in 
tailings. 


Gold ex- 
traction. 

Per cent. 


r,old in 
Uilings. 

mg. 


Gold ex- 
traction. 

Per cent. 


1 

Gold in ; 
tailings.. 


Gold ex- 
traction. 


Gold in 
tailings. 


Goldezp 
traction. 


Grams. 


1 
mg. 


mg. i 


Per 
cent. 


mg. 


Per 
cent. 


14.0 


21.0 


2.8 


0.04 1 


90.6 


0.18 


98.2 


0.30 


96.3 


4.18 


40.3 


10.5 


15.0 


2.1 


0.14 


98.(5 


0.30 


96.7 


4.98 


37.8 


4.40 


37.1 


7.0 


10.5 


1.4 


0.75 


92.5 


0.90 


90.0 


5.90 


26.5 


5.10 


27.1 


0.5 


9.75 


1.3 


5.48 


45.2 


5.37 


40.3 


6.23 


22.1 


6.08 


13.2 


6.0 


9.0 


1.2 


7.44 


25.6 


6.84 


24.0 


6.28 


21.5 


0.15 


12.1 


5.0 


7.5 


1.0 


7.70 


23.0 


7.09 


21.2 


6.42 


19.8 


6.36 


9.1 


3.5 


5.25 


0.7 


8.00 


19.4 


7.48 


16.9 

I 


6.85 


14.4 


n. d. 


■ • 


2.5 


3.75 


0.5 


8.26 


17.4 


7.59 


15.7 


7.12 


11.0 


n. d. 


• • 


1.0 


2.0 


0.2 


8.56 


14.4 


7.99 


11.2 

1 


7.48 


6.5 


n. d. 


• • 
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TABLE III. — B&OMiNATioN OF Gqld and Gold-Silver with Varying 

Quantities ok Reagent 

Ore, 6 A. T. ; water, 150 c.c. ; time, 6.5 hours. 











PRKi:un-s Metal. Milligrams. 
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«^^k<« a o. 


Gold 10 


: silver 0. 


Gold 8 : 


silver 2. 


Gold 7 : 


silver 3. 


Gold 6 : 


silver 4. 


Bromine. 


Bromine. 


Gold in 
tailings. 


Gold ex- 
traction. 


Gold in 
tailings. 


Gold ex- 
traction . 


Gold in 
tailings. 


Gold ex- 
traction. 


Gold in 
tailings. 


Gold ex- 

traction. 

1 


c.c. 


Grams. 


mg. 


Per cent. 


mg. 


Per cent. 


mg. 


Per cent. 


1 

mg. 


1 Per cent. 


3.0 


8.97 


0.08 


99.2 


0.18 


97.8 


0.16 


97.7 


4.56 


24.0 


2.0 


5.98 


0.18 


98.2 


0.20 


97.5 


1.48 • 


78.9 


4.92 


18.0 


1.6 


4.48 


0.34 


96.6 


0.24 


97.0 


3.00 


57.1 


5.18 


13.7 


1.0 


2.99 


0.68 


93.2 


0.58 


92.8 


3.70 


47.2 


5.16 


14.0 


0.8 


2.60 


0.78 


92.2 


1.88 


77.6 


4.40 


37.1 


5.16 


14.0 


0.7 


2.10 


6.58 


34.2 


6.02 


24.8 


5.95 


15.0 


n. d. 


• • 


0.5 


1.5 


7.62 


23.8 


6.56 


18.0 


6.46 


7.7 


n. d. 


• • 



Observations made writh the flasks during the chlorinating tests are 
recorded in Table IV. 



TABLE IV. — Observations Made During Chlori nation-Test 



Chlorine in 160 c.c. 
water. 


Extraction of gold. 


Color of solution. 


Odor of solution. 


Pressure of solution. 


Grams. 


Per cent. 








2.8 


99.6 


Deep yellow 


Very strong 


Strong 


2.1 


98.6 


Deep yellow 


Strong 


Strong 


1.4 


92.5 


Deep yellow 


' Medium 


Strong 


1.3 


45.2 


Yellow 


Medium 


Medium 


1.2 


25.6 


Yellow 


Medium 


Medium 


1.0 


23.0 


Pale yellow 


Slight 


Weak 


0.7 


19.4 


Pale yellow 


None 


None 


0.6 


17.4 


Almost colorless 


None 


None 


0.2 


14.4 


Colorless 


None 


None 
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Gay-Lussac (see Table I) has shown that under atmospheric pressure 
and a temi:)erature of 17° C. i c.c. of w-ater can dissolve only 0.0075 g. 
of chlorine. In order to obtain the sujx^rsaturation required for a good 
extraction, it is necessary to have a ** strong ** pressure in the revolving- 
jar. When the pressure falls to " medium " there is a decided diminu- 
tion in the yield of gold. This agrees with the experiences made in 
practice, where it has been found that pressure of free chlorine is abso- 
lutely necessary for a satisfactory extraction, 1. r., one of over 90 per 
cent. As the solution of chlorine in water, according to the law of 
Henr)', increases with the pressure, one might be led to believe that 
very high pressures of free chlorine would increase the extraction of the 
gold ; but this has been found not to be the case, as, e,g,y at Deloro, 
Canada,^ no better results were obtained with 10- than with 60-pound 
pressure. The essential point was to have at first sufficient pressure 
of chlorine (10 to 15 pounds) that at the end of the operation (after 
two hours) there might be some left (3 pounds and less) to maintain 
the su[x;rsaturation of the solvent. The experimental data and results 
from large-scale work show that a satisfactory extraction of gold in 
barrel-chlorination can be obtained only by having supersaturated solu- 
tion of chlorine in water ; this requires a certain pressure, varying with 
the character of the ore, and has to be determined for every case. 

In chlorinating the alloy of nine parts gold with one part silver, 
the extraction with 2.8 g. of chlorine falls 1.4 per cent.; with 2.1 g., 

2.1 ; with 1.4 g., 2.5; and with 1.3 g., 4.9 per cent.; the decrease in 
yield growing with the diminishing grams of chlorine. With smaller 
quantities of chlorine, from 1.2 to 0.2 g., there is no such regularity. 

With the alloy of gold eight parts and silver two parts, the super- 
saturated solution with 2.8 g. of chlorine shows only a small decrease 
of 0.7 per cent, in the gold dissolved. The Solution with 2. i g. of 
chlorine has its dissolving power diminished by 20.1 per cent., that 
with 1.4 g. of chlorine by 52.2 per cent.; that with 1.3 g. of chlorine 
falls off less, viz., 18.2 per cent.; it loses its previously isolated posi- 
tion and unites with the extremely low extractions of solutions with 

1.2 to 0.2 g. chlorine. 

With the alloy of gold seven parts and silver three parts, the 
solution with 2.8 g. of chlorine succumbs to the influence of silver, 
dissolving only 40.3 per cent, of the gold. 



1 Engineering and Mining Journal, October 29, 1887, p. 309. 
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The data show that a supersaturated solution of chlorine in water 
acts more strongly than one that is merely saturated, that a super- 
saturated solution can extract a satisfactory percentage of gold from 
a gold-silver alloy containing as much as 20 per cent, of silver, and that 
with the decrease of chlorine below a certain amount (2.1 g.), and the 
increase of silver above 10 per cent., the extraction of gold falls off 
quickly. 

The results of bromination m Figure 3 show that bromine also is an 
efficient solvent for gold, giving extractions of 99.8, 98.2, 96.6, 93.2, and 
92.2 per cent, with solutions of 8.97, 5.98, 4.48, 2.90, and 2.60 g. of 
bromine in 1 50 c.c. of water ; when the bromine present sinks to 2. i g. 
the yield in gold falls quickly to 34.2 per cent., and then diminishes 
more gradually. 

Observations made with the flasks during the brominating tests are 
recorded in Table V. 



TABLE V. — Observations during Bromination-Test 



Bromine in 150 c.c. 
water. 


Extraction of gold. 


Color of solution. 


Odor of solution. 


Pressure of solution. 


Grains. 


Per cent. 








8.97 


99.2 


Dark -red 


Strong 


None 


5.98 


98.2 


Dard-red 


Strong 


None 


4.48 


96.6 


Dark-red 


Strong 


None 


2.99 


93.2 


Dark -red 


Slight 


None 


2.6 


92.2 


Dark-red 


None 


None 


2.1 


34.2 


Light-red 


None 


None 


1.5 


23.8 


Pale-red to yellow 


None 


None 



The experiments of Dancer^ show that at 15° C, ordinary tempera- 
ture, saturated bromine water contains 3.22 per cent, of bromine; a 
saturated solution of 150 c.c. of water contains 4.839 g. of bromine. 
The tests show that a solution with as little as 2.6 g. of bromine dis- 
solves more than 90 per cent, of the gold when silver is absent. 

The presence of 20 per cent, of silver in the gold does not make 
more than i per cent, difference in the extraction in the first four tests 
with 8.97, 5.98, 4.48, and 2.99 g. of bromine; the fall begins with 



1 See ante. 
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2.6 g. of bromine, which dissolve 77.6 per cent, of gold, while in the 
absence of silver the same amount of bromine gives an extraction of 
92.2 per cent. 

With an alloy of seven parts gold and three parts silver, only the 
solution with 8.97 g. of bromine holds its own, giving a yield of 97.7 per 
cent. ; the other solutions show diminishing extractions corresponding 
with the smaller amounts of bromine present. 

With an alloy of six parts of gold and four jxirts of silver, the 
strongest solutions are similar to the weaker ones in their low percent- 
ages of extraction. 

The data show that 1 50 c.c. water containing only 1.93 g. of bromine 
give a satisfactory extraction (92.8 j^er cent.) of gold from an alloy of 
gold with as much as 20 per cent, of silver, and that the extraction- 
figure is raised only 4.7 per cent, by doubling the amount of bromine. 

The comparison of the dissolving-effects of chlorine and bromine 
upon pure gold and upon gold alloyed with different amounts of silver 
can be seen in Figure 3, but is more clearly illustrated in Figure 4. 

Comparing curve I (chlorine and pure gold) with cur\^e II (bromine 
and pure gold), it is seen that with concentrated solutions (2.8 g. of CI 
equivalent to 6.0 g. of Br) chlorine is a slightly stronger solvent than 
bromine ; as the solutions become less concentrated the dissolving power 
of chlorine falls more quickly than that of bromine, until at 1.58 g. 
chlorine (equivalent to 3.4 g. of bromine) the power of the two is the 
same. With further dilution to 1.20 g. of chlorine, bromine is a much 
better solvent than chlorine ; when the dilution is carried very far, 
the i^ercentages of extraction by the two solvents come again nearer 
together, but bromine always remains the more efficient of the two. 

Curv-e III jihows that the extraction of gold from an alloy of gold 
nine parts and silver one part by means of chlorine is but little affected 
by the presence of 10 per cent, of silver; that this is still less the case 
with bromine can be inferred from the bromination cur\'es in Figure 3, 
where pure gold and gold with 20 jxt cent, of silver are connected by 
straight lines. 

Coming to the alloy of eight parts of gold and two parts of silver, 
the harm done by the silver on the extraction with chlorine (curve IV) 
is marked, while with bromine it has very little effect. While with 
2.8 g. of chlorine the extraction of gold is diminished only 2.1 i^er 
cent., it falls quickly and regularly with dilution of the solvent to 
22.1 per cent, until 1.3 g. has been reached, and then falls suddenly 
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to an insignificant figure. With bromine, dilution from 6 to 3 g. hardly 
affects the result, and a further addition of water only very little. Thus 
bromine again is the better solvent in the presence of silver. 

Cur\'es VI and VII, representing the treatment of an alloy of seven 
parts of gold and three parts of silver, with chlorine and bromine, show 
how seriously the extraction of gold is affected by the presence of such 
large proportions of silver, but the extractions of bromine are always 
better than those of the equivalent quantities of chlorine. 

Curve VIII, standing for the alloy of six parts of gold and four 
parts of silver, finally shows how even bromine loses its dissolving 
power when it meets such large proportions of silver. 

The curves bring out the additional interesting fact that changes 
in the degree of concentration of chlorine, as well as of bromine, do 
not make a very decided difference in the percentage of extraction 
with pure gold or gold with 10 per cent, of silver as long as with 
150 c.c. of water 1.4 g. of chlorine, equivalent to 3 g. of bromine, is 
not overstepped as the lower limit. With gold containing more than 
10 per cent, of silver, a slight decrease in the concentration makes a 
very decided difference in the extraction until 1.2 g. is reached with 
chlorine, and 2.1 g. with bromine. If the solutions are further diluted, 
the effect of an increase in silver is not so very marked. 
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ROASTING AND MAGNETIC SEPARATION OF A 
BLENDE-^MARCASITE CONCENTRA TE ^ 

By H. O. HOFMAN and H. L. NORTON 

I. Introduction 

Zinc smelters in the central western states have established a very 
high standard of purity for blende<oncent rates, viz., zinc 60, iron less 
than 3, and lead less than i per cent. The ver)' low percentage of 
iron is made possible by the blende containing less than 0.5 per cent, 
of isomorphous iron sulphide and by the sparing occurrence of pyritic 
material in the large blende-de|X)sits of southwestern Missouri and 
southeastern Kansas. The blende in these districts occurs in Sub- 
carboniferous limestone, and is associated with chert, residual clay, 
calcite, pyrite or marcasite, and bitumen. The different minerals are 
coarse and therefore readily separated by mechanical washing from the 
blende, with the exception of pyrite and marcasite, as blende has a 
specific gravity of from 3.9 to 4. i ; marcasite, from 4.85 to 4.90; and 
pyrite, from 4.95 to 5.10. The common procedure of dressing the 
ores 2 is to crush in a breaker, size in a trommel with 0.5-inch holes, 
pass the oversize through roughing-rolls, and then jig the ore, now 
reduced to 0.5 inch maximum size, in roughing multiple-sieve jigs. 
The products of these are waste tailings, side-discharge coarse concen- 
trates, side-discharge coarse middlings, and bottom-discharge fine mid- 
dlings. The coarse concentrates are sent to the market. The coarse 
middlings are crushed in middling-rolls and brought back into the 
system by feeding into the main trommel. The fine middlings are 
cleaned upon finishing-jigs. Any pyrite or marcasite present follows 
the blende and increases the percentage of iron above permissible 
limits. Several processes*^ based upon roasting for porosity (SchuUs- 



^ Reprinted from Transactions of the American Institute of Mining Engineers, Lake 
Superior meeting, September, 1904. 

'^ Ore- Dressing, by R. H. Richards. New York, 1903, p. 900. 

8 Production and Properties of Zinc, by W. R. Ingalls. New York, 1902, p. 255; 
Ore-Dressing, by R. H. Richards, pp. 790, 880. 
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burg, Wisconsin ; Ammeberg, Sweden), heating for decrepitation (Heus- 
schen Process), or disintegration followed by screening (Lintorf, Prussia), 
have been used for separating blende and pyrite, but they have all been, 
or will be, replaced by magnetic separation. Pyrite, marcasite, and 
blende are diamagnetic ; blende may be feebly paramagnetic, the attrac- 
tion depending upon the percentage of isomorphous iron sulphide it 
contains. In order to separate pyrite or marcasite from blende running 
low in iron, the former has to be made magnetic. This can be done 
in two ways, by converting the disulphide of iron into magnetic oxide 
or magnetic sulphide. In the work to be discussed both methods were 
tried. 

II. The Ore and the Outline of the Experimental Work 

The ore used in the experiments was a coarse concentrate of about 
0.5-inch size from the mines of the Alexandra Mining Company, Carter- 
ville, Missouri, furnished by the ^perintendent, Mr. T. F. Lenpan. It 
consisted of light-colored resinous blende (rosin jack), marcasite, and 
chert. The chemical analysis gave Zn, 35.94, and Fe, 18.77 P^r cent. 
Calculating all the iron as marcasite, the rational analysis would be, 
blende, 53.57; marcasite, 40.22; and gangue, 6.21 per cent. 

Preliminary experiments having shown that the ore as received, 
i.e,y 0.5-inch material, was too coarse for the proposed work, an 8-mesh 
screen was chosen for the limiting size, as this appeared to work well 
and as it is the one best suited for roasting blende. In order to study 
'the behavior of ore of smaller size, a 20-mesh screen was selected as 
the limit, because in crushing the 0.5-inch ore through an 8-inch sieve 
a very large quantity was found to be fine enough to pass through a 
20-mesh screen. A series of experiments was then made on those two 
sizes. The operations were: i. Crushing to required size. 2. Roast- 
ing above the ignition-point of marcasite, but below that of blende, and 
magnetic separation. 3. Roasting as under 2, sizing, and magnetic 
separation of sized product. 4. Sizing crushed ore, roasting, and mag- 
netic separation of sized material. 5. Analytical determination of zinc 
and iron. 

III. Apparatus and Methods of Analysis 

The apparatus used in the experiments were two heating-furnaces 
with Le Chatelier pyrometers and two electro-magnets. 
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An electric heating-furnace, similar to the retort furnace described 
by Hofman ' in a jxiix-r read at the I-ake Su[«rior meeting of the Insti- 
tute of Mining Engineers, September, 1904, sen'ed to determine the 
ignition-points of marcasite and 
blende. The roasting operations were 
carried on in s-inch roasting-dishes 
heated in a gas mnfHe-fumace, made 
by the American Gas Furnace Com- 
pany, New York, with a muffle 12 
inches long, 6.75 inches wide, and 
3-75 inches high. WTiile one charge 
was being heated in the muffle, a dish 
charged with ore was warmed at the 
front so that it might be brought 
quickly to the muffle-temperature 
when the ore was to be roasted. 

In the measurement of tempera- 
tLire the two leads of the I-e Chatelier 
pyrometers, wound with asbestos 
thread, were held in a porcelain tube. 
The thermocouple protruding at one 
end was about at the level of the 
ore-charge when the porcelain tube 
was lying on the flotir of the muffle 
close to the roasting-dish. In this 
position the tcm]>eratures were taken. 
When the muffle had been brought 
to the desired temiJerature, it required 
ver}- little regulating of the gas and 
air supply to hold it there. 

For the magnetic separation of 
the roasted ore, two electro-magnets 
constructed for laboratory purposes, 
by Prof. R. H. Richards, were used, 
one a single-pole, the other a double- 
pole. The single-pole magnet is 
. shown in Figure 1. The core. A, a 
Fig. I.— Single-Pole Magnet cylinder of soft Norway iron, fits 



90 H. O, Hofman and H. L, Norton 

the top the coil is held in place by the brass disk and protected by 
three rin^s of paix:r, /: ; at the bottom, tajx? is wound in with the wire 
tf) j)revent the coils from slipping. In winding the wire downward, 
four pieces of linen tajK% 4 inches long and 0.25 inch wide, are placed 
for a distance of 2 inches on the sides of the core. When covered 
with wire, the tape was bent upon itself, and the free ends now cov- 
ered with wire in winding upward. Thus each winding is held in 
place near the bottom of the core by four loops of tape and prevented 
from slipping. The winding is such that a current of 0.8 amiDcre at. 
a pressure of fifty volts gives the maximum of magnetic lines the core 
can carry without undue heating. The magnet is suspended by four 
strips of brass, F, held in place by ^^^-inch twine (tarred marline), (7, 
wound closely around the coils previously covered with three layers of 
paper, //. The twine forms at the same time a protective casing for 
the magnet. Each strip has an eye near the upper end, a stout wire, /, 
is passed through it, the four wires are wound together and bent to a 
hook,y, and hung on a steel spring. A", susjxinded by an iron rod from 
the ceiling. 

The double-pole magnet, shown in Figure 2, has two cores of soft 
iron joined at the top by a yoke of cast iron ; the pole-shoes, with faces 
I by 4 inch, are screwed to the bottoms of the cores, leaving an air- 
gap 5 inch long between the north and south poles. The magnet is 
susjXMided by a screw-eye from a spring in the same manner as the 
single-ix)le magnet. Each core is wound with 5,000 feet of the same 
wire as the single-pole magnet, making 6,760 turns. The coils are 
held in place at top and bottom by brass rings and are pn^tected by 
layers of pajx^r and tarred marline. The saturation-point is the same 
as that of the single-ix)le magnet. 

The attractive ix)wer of a magnet varies with the number of lines 
of force that pass through it. With the single-pole magnet there is 
the ga*atest scattering of lines of force, with the double-pole magnet the 
greatest concentration, hence for a given electric current the attraction 
|KT Hijuare centimeter of field in a single-pole magnet is much smaller 
(ulM)Ut 60 |)er cent.) than in the double-pole magnet, as long as the 
ail gap between the two poles is not too large. 

The current for the magnets is taken by a shunt from the no-volt 
cUh irii-light main. In order to reduce it to the required strength, an 
uuaiuli-srent lamp of eight candle ix)wer is placed in the circuit. From 
\W magnet the current passes through a Weston direct-reading ammeter 
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back to the main. A switch is placed in the circuit to i:)ermit the 
current to be turned on and off. 

In a test the ore was spread out on a piece of glazed pai>er, the 
current turned on, the single-ix)le magnet passed to and fro over the 
ore with raising and lowering, and then moved to one side, the current 
switched off, and the adhering ore dropped on a paper. Another layer 
of ore was then spread over the first glazed paper, and the operations 
repeated until a batch had been treated. The first magnetic concen- 
trates were then retreated until they had been freed from the non- 
magnetic particles that had been carried along mechanically. As a 
rule the tailings from the single-pole magnet were treated with the 
double-pole magnet, the manipulation being the same as in the first 
operation. 

The zinc in the ore and the tailings was determined by titrating 
with potassium ferrocyanide as worked out by von Schulz and Low 
in 1900.^ With the magnetic concentrates, which run high in iron 
and are not decomix)sed by treatment with nitric acid and ix)tassium 
chlorate, solution with nitrohydrochloric acid had to be substituted. 
The iron was converted into sulphate and titrated with potassium 
permanganate. 

IV. Experiment with 8-mesh Material 

I. Crushing. — The ore as received, of 0.5 -inch size, was crushed 
in a Hendrie and Bolthoff sample-grinder to pass through an 8-mesh 
sieve. The screen-analysis of the product is given in Table I. 

TABLE I. — Screen-Analysis of 8-mesh Ore 



Size of screen. 



Throuj(h M- and on 12-mesh 
Through 12- and on IG-mesh 
Through 10- and on 'JO-mesh 
Through '20-mesh 



Totals 



Grams. 


Per cent. 


M 


33.1 


18 


11.0 


IG 


0.8 


7r> 


4(i.O 



1(» 



00.0 



The data in Table I show that 46 per CQnt. of the ground ore was 
fine enough to pass through a 20-mesh sieve. It is this figure which 
decided the choice of 20-mesh material for the tests on fine ore. 



* Production and Properties of Zinc, by W. R. Ingalls, p. 99. 
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2. Roasting and Maguftk Separation of Unsized Material, — 
Before any roasting could be undertaken, it was necessary to deter- 
mine the limits of temperature which had to lie above the ignition- 
point of marcasite and below that of blende. The two points were 
found to be 378" C. for marcasite and 600° C. for blende. The first 
tests were planned to keep the time constant and to vary the tempera- 
ture. The leading facts and results are brought together in Table II. 





TABLK 


ir.-EXFF 


BIMENTS y 


iTii Unsized 


S-UEsii Material 


K„,.„.,.. 


Ma.^b.t.C S.r*«»Tl.™. 


1 


1 

J 


i. 
J 

1 
J : 


1 


I 


H„d.. 


TiJliap. 


1 


Sinitlfpole. 


Puublc-pole. 


1 J 


i 


it.' i 

mi 




5 i I 


, , 


175 |2d 


i4.a 400 


"e' 


17.1 


r.,. f-p To 


* S2 2H\ 1:1 1 !i7.s , las 




lea K 


wo ' 410 


no 


1.W 




6 3.9 2.5 IU3 , 97.1 ' 81..t 




171) ai 


17 7 4R0 


120 


170 




W 11.2 9J 1 LJl <«.8 T.'i.S 


<!»l 


' KB as 


SI J 4!« 


rr. 


Itfl 


7 ' 4.! 1 3J 




,»« 


' 1.W 11 


2fl.» ] nu 


ILW 


L-W 


12 ; 7,5 ' «,0 


211 ' 6.3 10.0 ' 127 m-2 CB.B 


« [-.■o.. 


158 « 


Lfi.ii cai 


•-•" 


lai 


17 10.« ' 8,.-, 


19 1 12.0 0.5 1 1^- 1 77.2 . OlA 



In the six tests made to convert by long-time roasts marcasite into 
magnetic iron oxide, the time given to roasts Nos. 3, 5,. and 6 was 
120 minutes; mast No. 4 was accidentally continued five minutes 
longer than the other three; roasts Nos. 1 and 2, ser\ing as feelers, 
lasted only 10; and 1 10 minutes respectively. The temiieratures show 
a raiifje of from 400 to 620° C. The rise above 600° C. was due to 
the heat generateii in the burning of marcasite ; it caused some blende 
to become su|>erficia!ly oxidized. The concentration-tests show that at 
a temperature ranging from 400 tu 460" C. the ore is not sufficiently 
altered to be attracted by the single-pole magnet. With a rise of 
temperature the extraction begins with 3.5 per cent, and increases to 
the moderate figure of 8.5 per cent., when the limit of temperature set 
has been overstepped. 

The double-pole magnet, within the range of from 400 to 460" C, 
draws out from 2.0 to 9.5 per cent, of magnetic material which was 
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not acted upon by the single-pole. The higher temperatures, 460** 
and 620° C, give an additional yield of from 8 to 10 per cent, to that 
obtained by the single-pole magnet, but at best the total extraction of 
18 per cent, is very unsatisfactory. Most of the ore removed by the 
magnet was fine ; coarse particles could be moved about on the paper, 
but not made to adhere to the magnet. The results ought, therefore, 
to be improved by fine-crushing. The screen-analyses of the roasted 
products given in Table III show that the 46 per cent, of material 
finer than 20-mesh size in the raw ore has been increased to about 
60 per cent, in the roasted ore. This must be attributed to decrepita- 
tion. The 6 or 7 per cent, of ore which remained on the 8-mesh sieve 
find their explanation in the swelling of particles during the roast. 



TABLE III. — Screen-Analysis of Roasted 8-mesh Material 



• 

No. of 
sample. 


Weight 
taken. 




Grams. 


1 


168 


2 


160 


3 


158 


4 


151 


5 


152 


6 


161 



On 8-mesh. 


On 12-mesh. 


G««»- iz. 


Grams. 


Per 
cent. 


7 


4.1 


23 


13.7 


6 


3.7 


27 


16.9 


7 


4.4 


27 


17.1 


7 


4.5 


23 


14.9 


6 


3.9 


33 


21.7 


7 


4.3 


29 


18.0 



On 16-mesh. 



Grams. 
16 
14 
14 
13 
15 
12 



Per 
cent. 

9.5 
8.7 
8.8 
8.4 
9.8 
7.4 



On 2(Vmesh. 



Grams. 
15 
15 
14 
14 
16 
14 



Per 
cent. 

8.9 
9.3 
8.8 
9.0 
10.5 
8.7 



Through 
20-mesn. 



Grams. 
107 
98 
96 
97 
82 
98 



Per 
cent. 

63.7 
61.2 
60.8 
63.0 
53.9 
60.8 



V. Experiments with 20-mesh Material, Unsized 

I. Crushing, — The 8-mesh material was ground to pass a 20-mesh 
screen in the same manner as the original ore. The sizes obtained in 
the operation are given in Table IV. It shows that of the ore 45.5 per 
cent, was coarser than a 40-mesh, while 33.5 per cent, passed through 
an 80-mesh screen. 



table IV. — Screen-Analysis of 2o-mesh Ore 



Size of screen. 


Grams. 


Per cent. 


Throcigh 20- and on 40-me8h 

Through 40- and on OO-mesh 

Through 60- and on 80Lmesh 

Throoffh SO-mesh 


89 
34 
10 
67 


45.5 

17.0 

5.0 

33.5 






Total 


200 


1000 
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2. Roasting and Magjictic Separation of Unsized Ore, — As the 
results in Table II had pointed to the conclusion that a higher tem- 
perature was more favorable to magnetization than a lower one, the 
former was chosen. The roasts were carried on at the constant tem- 
perature of 600° C, and the time gradually reduced from 120 to 
1.25 minutes. The weight of a charge was 100 grams, which gave a 
layer 0.5 inch deep in the centre of the roasting-dish. In the roasts 
lasting longer than five minutes, the temperature-readings were taken 
every five minutes,* and the ore was stirred every two minutes; in the 
roasts lasting five minutes or less, the temperature was read at the 
beginning and the end of the roast, and the ore stirred continuously. 
The appearance of the roasted ore varied with the time it had been 
exposed to heating; that from the long-time roasts was brownish, due 
to the more perfect o.xidation ; that from the short-time roasts black, 
on account of the partial conversion of iron disulphide into magnetic 
monosulphide. 

After the completion of the roast, the ore was weighed, a sample 
taken for chemical analysis, and the rest subjected to the single-pole 
and then to the double-ix)le magnet. A small jxjrtion of the zinc con- 
tained in the magnetic heads from the single-pole and especially from 
the double-pole magnet was not carried along mechanically, but was 
itself attracted by the magnet, showing that the very small quantity 
of iron sulphide contained in the light-brown resinous blende was suffi- 
cient to cause this to show some magnetic property. The results are 
assembled in Table V, which is best made clear by following through 
one test. In test No. 9, e.g., 100 grams of raw ore, spread over the 
roiisting-dish, gave a layer 0.5 inch thick in the centre of the dish. 
The ore was roasted for 1.25 minutes at a temperature of 600° C. 
The roasted ore weighed 95 grams, thus losing 5 per cent, in weight 
by the operation. From the 95 grams roasted ore, 15 grams were 
reserved for chemical analysis, leaving 80 grams for magnetic treatment. 

Table \ , however, gives only the data calculated to the basis of the 
total weight of the roasted ore, /. e,, 95 grams. The single-pole magnet 
took out 23.7 grams, the double-pole magnet 15.5 g^rams, giving a total 
of 39.2 grams of magnetic material, and leaxnng 55.98 grams of tailings. 
The percentage of zinc of the single-pole product was found by calcu- 
lation : the total quantity of zinc present in the raw or roasted ore was 
35.94 grams. The tailings gave by analysis 55.98 per cent, of zinc; 
they contained, therefore, 0.5598 X 55-9 = 31.29 grams of zinc. The 
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double-pole magnetic product gave 26.29 per cent, of zinc and contained 
0.2629 X 15.5 = 4.04 grams of zinc. The single-pole concentrates, 
therefore, contained 35.94 — (31. 29 + 4.04) = 0.61 grams, which cor- 
responds to — - - X 100 = 2.57 per cent, of zinc. The distribution of 
^ 23.7 ^ 

the zinc in the raw ore among the three products was next calculated 

and found to be, in the single-pole product, -- — x 100 = 1.69 per 

4.04 
cent.; in the double-pole product, - X 100= 11.25 percent., or 

a total of 12.94 per cent.; in the tailings, -— -- X 100 = 87.06 per 

cent. Thus 87.06 per cent, of the total quantity of zinc was recovered 
in the tailings which by analysis gave 7.05 per cent, of iron. 

Reviewing the data in Table V as a whole, it is seen that when 
the ore is roasted from 80 to 1 20 minutes nothing is extracted by the 
single-pole magnet. As the time of roasting decreases, the ore becomes 
more and more magnetic until with a five-minute roast a maximum of 
30.4 grams is obtained. With roasts of shorter duration the quantity 
extracted decreases again. Using the double-pole after the single-pole 
magnet, 32.9 grams are taken out with the 120-minute roast, the quan- 
tity removed diminishes with the time of the roast, until with a five- 
minute roast the minimum is reached with 10.2 grams. Reducing the 
time below five minutes again increases the quantity of concentrate. 
The results of ten-minute roasts differ little from those obtained in 
roasting five minutes. 

As far, then, as quantity of material extracted is concerned, a roast 
ranging from five to ten minutes gives the best results, as during this 
period the ore becomes sufficiently magnetic to allow a maximum to 
be removed by the single-pole magnet or by a double-pole magnet of 
lower magneto-motive force. The quality of the products, /. ^., the 
jxircentage of zinc remaining in the concentrates, which is lost, and in 
the tailings, which is recovered, and the percentage of iron retained 
by the tailings are plotted in Figure 3 from the data in the table. 
The abscissa gives the duration of the roasts in minutes ; on the ordi- 
nate are inscribed the pwcentages in four different scales to permit 
bringing the whole together in a single sheet and thus facilitate com- 
parison. In roasting the ore 120 minutes, the single-pole magnet took 
out nothing, the double-pole concentrates carried along with them 
10.10 per cent, of the zinc contained in the ore, while in the tailings 
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there was recovered 89.23 per cent. ; the tailings assayed 3.78 per cent, 
of iron. The quantity of zinc retained by the double-pole magnet de- 
creased to 2.05 per cent, with the shortening of the time of roasting to 
dghty minutes; it then again increased until a maximum of 12.49 P^ 
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cent, was reached with fifteen minutes ; this ivas followed by a second 
minimum of 10.2 per cent, with five minutes. The single-pole heads 
did not retain any zinc until the time of roasting had been reduced to 
ten minutes, when they held 1.81 per cent, of the total quantity of zinc ; 
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at five minutes their zinc-content reached a maximum of 2.42 per cent., 
which is followed by a minimum of 1.5 per cent, at 2.5 minutes. 

The tailings show an approximately corresponding variation in zinc, 
ranging from 86.28 to 94.64 per cent., and a steadily diminishing iron- 
content until the five-minute roast has been reached w^ith 0.9 per cent, 
of iron, when there is a sudden increase. The most favorable result 
for the single-pole mhgnct, 1.50 per cent, of the total quantity of zinc, 
is obtained with a roast lasting 2.5 minutes ; with the double-pole mag- 
net eighty minutes give the minimum of zinc, 2.05 per cent. ; the tail- 
ings furnish the highest yield in zinc, 94.64 per cent., when the roast 
is prolonged for sixty minutes, but unfortunately the percentage of 
iron, 2.81 per cent., is high. 

Combining the .four points of view, the best quality of product is 
obtained in roasting from five to ten minutes; the single-pole heads 
retain about 2.25 per cent, of the total quantity of zinc, the double- 
pole heads about 11 per cent., and the tailings collect from 86 to 
87 per cent. The raw ore, with 35.94 per cent, of zinc and 18.77 P^r 
cent, of iron, has been enriched to a market blende assaying 64.8 
per cent, of zinc and 0.9 per cent, of iron, and the yield of zinc is 
from 86 to 87 per cent. 

A screen-analysis of the roasted ore, of the magnetic concentrates, 
and of the tailings was carried through in order to study the changes 
in size, etc., the ore (see Table IV) and the tailings had undergone in 
roasting, and to find what special sizes had been attracted by the mag- 
nets. The results are given in Table VI, in which Nos. i to 9 corre- 
spond to the similar designations in Table V. Comparing Tables IV 
and VI, it is seen that about 3 per cent, of the ore, during the roast, 
increased sufficiently in size so as not to pass through a 20-mesh screen. 
While with the raw ore 45.5 per cent, was caught on a 40-mesh sieve, 
the roasted ore yielded only 35 per cent.; the material remaining on a 
60-mesh and passing through an 80'mesh sieve is about the same in 
both cases, 17 and 33 per cent. ; while that held by the 80-mesh screen 
is smaller with the raw ore (5 per cent.) than with the roasted ore 
(9 per c^t.). These changes are due to the decrepitation of the 
blende. Of the concentrates taken out by the single-pole magnet, 
about 45 per cent, is coarser than a 40-mesh, and about 35 per cent, 
finer than an 80-mesh sieve. With the double-pole magnet, a little less 
than 35 per cent, is coarser than a 40-mesh, and over 45 per cent, 
finer than an 80-mesh sieve. The tailings give similar figures for the 
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larger-size material; about 35 per cent, will be caught by a 40-mesh 
screen, while a smaller amount of iines, 33 per cent., passes through 
an 80-mesh screen. 

TABLE VI. — Screkn-Analvsis of Roasted, Unsized zo-hksh Material 
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VI. Experiments with 20-mesh Material ; Roasting, Sizing, 

AND Magnetic Separation 

The aim of this series of tests was to find out whether a better 
magnetic separation could be obtained with sized than with unsized 
material, as in the preceding experiments. Some of the experiments 
on 8-mesh unsized material (Table I) had shown that, while the fine 
particles were readily attracted by the magnet, the coarser ones could 
only be made to travel over the paper when the magnet was moved 
to and fro. 

1. Crushing, — The ore used in the tests was taken from the 
same lot as that in the preceding work. 

2. Roast ingi Sizing^ and Magnetic Separation, — In order to have 
enough material of the different sizes for magnetic treatment, it was 
necessary to use 300 grams: The sample was, however, roasted in 
three separate portions of 100 grams each, in order to have the same 
conditions as before as far as quantity was concerned. The tempera- 
ture of the muffle was maintained at 600^ C, and the time given to a 
roast reduced to five minutes, as the previous work had shown that this 
gave the best results. The loss in weight in roasting was 8 per cent. 

Sizing the roasted ore gave the subjoined data. 

table VII. — Screen-Analysis of 2o-mesh Material, 

Roasted 



Size of screen. 


Grams. 


Per cent. 


Through 20- and on 40-roesh 

Through 40^ and on 60-mesh 

Through 00- and on SO-mesh 

Throush SO-mesh 


99.3 
63.6 
26.6 
96.8 


36 

19 

8 

85 






Totals 


275.2 


98 



The results are similar to those of Table VI. Of the ore 36 per cent, 
is coarser than a 4omesh, and 35 per cent, finer than an 80-mesh screen. 

The sized material was subjected first to the single-pole and then 
to the double-pole magnet as described in the preceding pages. The 
results obtained are assembled in Table VIII, which is put together 
on the same general lines as Table V, with the exception that the 
percentage of zinc of each of the three products had to be determined 
analytically, as any calculation was excluded by the circumstance that 
the total zinc present in a mesh-size was an unknown quantity. 
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An examination of Table VIII shows that a good separation was 
obtained with material too coarse to pass an 8o-mesh screen. Thus, 
40-mesh ore, which comprised 36 per cent, of the ore treated, gave 
tailings running 61.70 per cent, of zinc and 2.02 per cent, of iron with 
a loss of only 5.02 per cent, of the total quantity of zinc. Material 
of 60- and Somesh sizes gave tailings of a similar tenor in zinc with 
an even smaller loss in total zinc. The work upon ore finer than an 
8omesh screen gave unsatisfactory results. Forming by weight 35 per 
cent, of the ore subjected to magnetic treatment, the tailings could not 
be brought to run higher than 54.74 per cent, of zinc and lower than 
5.42 per cent, of iron, accompanied by a loss in the concentrates of 
10.18 per cent, of the zinc present. 

The sample of 300 grams of raw ore contained (3 X 35.94) 106.92 
grams of zinc. Of this, 80.76 per cent, was recovered in the tailings 
and 19.22 per cent, lost in the concentrates, 5.16 per cent, in those of 
the single-pole, and 14.06 per cent, of the double-pole, the main loss 
being due to material finer than an 80-mesh sieve. The results are 
inferior to those obtained with unsized roasted ore. The plan of sizing 
roasted ore before treatment with the magnet is not advantageous. 

VII. Experiments with 20^mesh Material; Sizing, Roasting, 

AND Magnetic Separation 

The experiment still remaining to be made to complete the series 
is to size the 20-mesh ore, roast the sized products severally, and then 
subject them to magnetic treatment. 

1. Cmshing. — The ore used in the work was taken from the 
main lot, which had been passed through a 20-mesh screen. 

2. Sizing^ Roasting, and Magnetic Separation, — From the screen- 
analysis given in Table IV it is seen that, in order to obtain 100 grams 
of ore passing through a 60- and remaining on an 80-mesh sieve, 
2,000 grams have to be taken for a test. The unit of ore subjected 
to roasting was 100 grams, the temperature again 600° C, and the time 
five minutes. The roasted ore was first treated with the single-pole 
and then with the double-pole magnet. The results are given in 
Table IX. 
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In general character they are similar to those recorded in Table VIII, 
in which the roasting preceded the sizing, but denote an improvement. 
In the sized material coarser than an 8o-mesh screen, about 92 per cent, 
of the total quantity of zinc is saved in the tailings, which, however, run 
high in iron, from 2.65 to 3.30 per cent. The ore passing through an 
80-mesh screen saves only 66.5 per cent, of the total quantity of zinc, 
and the tailings assay 8.12 per cent, of iron, which makes the method 
impracticable. 

VIII. Conclusion 

The conclusion to be drawn from the experiments points in one 
direction only. Blende and marcasite in the concentrate under consid- 
eration can be successfully separated by crushing through a 20-mesh 
screen, roasting from five to ten minutes at a temperature not exceed- 
ing 600*^ C, and then subjecting to two double-pole magnets, the first 
having less than half the strength of the second. 
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SANITARY PLUMBING AND OUR PLUMBING LAWS 

By J. PICKERING PUTNAM, Architect 
Addenda to Papfr Published in December Number 

Figures 9 and 10 of page 323, Volume XVII, taken in connection 
with the text describing them, give at first sight the impression that 
the ordinary "pot," or reservoir, traps cannot be used under sinks or 
in positions where greasy matters abound in the waste water without 
danger of clogging in such a manner as to convert them in time into 
S-traps. 

This is not the case, and it is very important that the subject should 
be made perfectly clear, because otherwise it might be supposed that 
complete safety cannot be obtained with ordinary simple appliances. 

It is only necessary to use with all traps proper flushing appliances 
in order to secure entire safety ; and where the traps are used under 
sinks, special flushing devices^ such as have been invented by Waring, 
Gerhard, and others, have proved perfectly efficient. 

These sink-flushing devices act on the principle of the siphon flush 
tank, in that they discharge periodically and automatically through the 
trap and waste pipes a large volume of water after the greasy matters 
therein have partially cooled and congealed, and thus they prevent the 
deposit of sediment along the inner walls of the trap and waste pipe. 

This point was more clearly brought out in the lecture than in the 
printed report of it. 

The cuts, Figures 9 and 10, were explained in the lecture as 
follows : — 
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Fig. 9 



Fig. io 



Reservoir Traps Showing Clogging under Sinks Due to the Use 

OF Insufficient Flushing 

The clogging could have been avoided by the use of sinks constructed on the 
principle of the flush tank as devised and recommended by Waring, 

Gerhard, and others 

Where the vent pipe is used it is evident that it provides a pocket 
entirely beyond the scouring area of the water flush, and may thus in 
time become closed by the spattering and condensation of vapor even 
under powerful flushing, while on the other hand the body of the trap 
enjoys the full advantage of the scour. 

There are many other forms of anti-siphon traps on the market 
today which are also more or less self-scouring and which were shown 
in the lecture. With these a simpler flushing device is suflScient to 
keep them entirely safe from clogging even under sinks. The patents 
on many of the best of these traps and of the flush sinks have expired, 
so that the public now has the advantage of the free use without back- 
venting of pot traps and special flushing sinks, on the one hand, or 
of self-cleansing anti-siphon traps and simpler flushing devices, on the 
other, at a minimum cost and with absolute safety. 

It should also be added that the unvented pot and other anti-siphon 
traps can easily be inspected through their clean-out caps, and period- 
ically cleansed in cases where the owner prefers this to the use of the 
more expensive special flushing sinks. The mouth of the back-vent 
pipe, on the other hand, is usually altogether inaccessible for cleansing, 
especially when it is connected with the waste pipe at some distance 
beyond the crown of the trap. Hence a vented S-trap places the house 
occupant between Scylla and Charybdis. If the vent mouth is placed 
near the crown of the trap, it destroys the water seal by evaporation. 
If it is placed at a distance from the crown, it becomes inaccessible for 
cleansing. The only safety lies in prohibiting altogether the use of the 
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^*back vent," and in requiring the use of some form of trap which can- 
not be siphoned, and of fixtures constructed either on the principle of 
the flush tank or with outlets large enough to provide a thorough water 
scour. It should be noted that through an error of draughtsmanship 
in Figure 14 the ice chest and its trap shown on the upper story are 
placed a few inches too low. Where the refrigerators can be conven- 
iently placed over each other in the different stories of a house, it would 
be well, where rigid economy is not a prime essential, to connect their 
traps with a special waste pipe descending to the basement and dis- 
charging over a sink, as shown in Figure 15. But the sink trap should 
be an anti-siphon trap like the rest, without back vent. 

The item of back-venting forms a large percentage of the total cost 
of plumbing today, and where it is a question of alterations of buildings 
already completed it may easily constitute the principal item of expense. 
Indeed, the cost item is more often entirely prohibitory in alterations. 
The house owner prefers, in most cases, to forego the advantages of 
installing a plumbing fixture in a finished house, even though it may 
be greatly needed for health and comfort, rather than allow several 
stories to be cut into and perhaps permanently disfigured for back- 
venting alone as the price of attaining it. 

No part of the building laws of today calls more urgently for 
immediate amendment than the plumbing laws, and those who are 
responsible for the present conditions or who permit of their continu- 
ance should be required to show some reason for their position. 

If objection to immediate change is made on the ground of insuflfi- 
cieht information as to the facts, then the whole matter should be 
placed at once in the hands of an impartial expert commission for 
investigation. The apparatus necessary for thorough investigation is 
already available without expense to such a commission, or could be 
duplicated by them for a sum not exceeding a hundred dollars. With 
such an apparatus, taken in connection with the published statements 
and demonstrations of acknowledged authorities in science and bacte- 
riology now accepted by all students of the subject, it remains to be 
shown why the following points have not been thoroughly proved, 
namely : — 

(i) That the back-venting of traps now required by law is both 
dangerous and very costly, and that simpler means are now known 
which afford entire safety with less expense. (The Boston Society 
of Architects have already voted unanimously for the amendment of 
this law.) 
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(2) That the use of the main house trap, equally prescribed, is an 
evil, having no compensating adxantage. 

(3) That the method of jointing iron pipes now required is unscien- 
tific and unsatisfactory, and that other and entirely suitable methods 
are now known. 

(4) That no proper provision for flushing the waste-pipe system is 
provided in the statutes. 

(5) That the number of traps required is excessive and the provi- 
sions for their arrangement unwise. 

And finally (6), that the requirements for flushing water-closets are 
antiquated and unnecessarily costly. 
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BOOK REVIEWS 
Elements of Mechanism ^ 

This work was begun twenty years ago, and since that time has 
been privately printed for the use of students at the Massachusetts 
Institute of Technology, and is now offered in a thoroughly matured 
form for general use. Like any work of this nature, which at once 
exhibits the development and present status of an art or branch of 
science, the larger part of the matter is standard or even classical, the 
merit being mainly in the systematic, clear, and practical exix)sition. 
But the most recent developments are presented, and originality is 
shown in methods, applications, and suggestions. 

To one whose systematic study of the subject dates back to an 
earlier time than the beginning of this b(X)k, the most salient feature 
is the fact that the adaptability of forms of mechanism changes as the 
resources and methods of machine shops improve. The writer remem- 
bers being told that involute gears were interesting but not useful, and 
that chain gearing was rude and wasteful ; which was true enough then, 
but not now. 

The work ojDens with definitions of a machine and of the jxirts of 
machines — a necessary but difficult matter, since definitions are ex- 
pected to be brief and some of the ideas are complex and hard to grasp ; 
it woulil be interesting to have students required to criticise the funda- 
mental definitions after they had completed the subject. Next follows 
a brief statement of composition of velocities as demanded for this work 
and the treatment of velocities by aid of the instantaneous axis and the 
centroid. Having these preliminaries out of the way, the b<.)()k takes 
up the real work of this branch of science with a discussion of sliding, 
turning, and twisting motion — the latter developing the screw and the 
worm and wheel. From the complete contact of such pairs of ele- 
ments the authors pass to the infinitesimal contact 0/ rolling cylinders 
and cams, as illustrated by friction gearing and rolling (/. e., frictionless) 
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cams. Toothed wheels are reserved for separate treatment in a chapter 
on gearing par exctllcncc^ that is, toothed gearing. Following this 
chapter is one on band gearing, which is again with or without friction, 
depending on whether the bands are belts or cords or are high-speed 
silent chains which give nearly perfect efficiency of transmission. In 
this chapter appears a feature that is at least questionable in an ele- 
mentary text-book, and which continually recurs, namely, an extreme 
brevity of illustration or description. It may be said, of course, that if 
some of the devices are automatic, this book is not intended to be self- 
teaching, and something is to be left to the instructor. A simple 
example of this will be found in the illustration of the chain stripper 
of Figure 78, page 56, and an extreme case will be found at the end of 
the chapter on cams, page 72. Here there is outlined, in somewhat 
more than nine lines, three complicated cam combinations, involving 
linear, plane, conical, and spherical paths and motions. The student 
who is to take this flight of scientific imagination will need to be 
steadied by the systematic and lucid explanations that lead up to it. 
Otherwise this chapter is simple, direct, and practical, and will enable 
a student to understand and construct any ordinary cam motion. 

The chapter on link work brings into prominence a feature of this 
book that differentiates it from the conventional text-book on mechan- 
ism, which appears to be chiefly a storehouse of mechanical contrivances; 
this feature is the general educational training that comes from a broad 
and comprehensive treatment of applied geometry together with the 
reduction of the general principles to a systematic practical method of 
application. The chapter runs into the discussion of the crank and 
connecting rod for the steam engine, and also the eccentrics and eccen- 
tric rod for the valve gear. It may be proper to say that valve gears 
form a continuation of this course in mechanism, and are found to be 
taught best as an integral part of the course. The chapter is particu- 
larly happy in its discussion of the crank and connecting rod, or the 
slider-crank train with its modifications and inversions, and also in its 
treatment of the enlargements of elements, as of the crank pin into 
the eccentric. The chapter on right line or parallel motions, both 
exact and approximate, has much the same features; in fact, it is a 
continuation along a special line. 

The chapter on intermittent link work takes up all possible forms of 
ratchet, escapement, and positive stop motions ; for example, the watch 
escaj^ement and the counting and stop gear that prevents overwinding. 
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Ha\'ing disposed -of the elementary gears, the authors proceed to 
chapters on trains of wheels and aggregate combinations, in which 
complicated effects and motions are obtained by building up from the 
elementary gears, beginning with trains of gears for lathes and clocks 
and leading through epicyclic bevel trains to the automatic action of 
the cotton mule. 

The discussion of teeth of gear wheels, as already pointed out, is 
reserved for a special chapter, it being considered that what may be 
lost by dislocation is "more than gained by concentration, esjx^cially for a 
subject that requires such clearness of thinking and nice discrimination ; 
there is also an advantage in reserving this matter till the student has 
had the advantage of the training of all the preceding chapters. Twisted 
and hyperbolic gears, which are the delight of the geometrician, have a 
proi^erly abbreviated treatment, but such practical matters as the line 
of action, amount of sliding, and conditions to avoid interference are 
discussed exhaustively. 

It is the habit to accompany the instruction with many problems 

for solution in the class room and drawing room in order to impress 

the principles and give facility in applying them ; and it is to be ho|Ded 

that such problems may be added to a future edition that is sure to be 

demanded. 

C. H. Peabodv. 



American Meter Practice^ 

The success of any business enterprise depends on the development 
and practice of a proper system of charges, and that of electrical supply 
is no exception to this rule. It may be said that the development of 
metering devices has had an enormous effect in extending electrical 
service, for they not only assure the supply company that the customer 
pays for what he receives, but with the prospective customer it is a 
potent argument that his bills will be in proportion to the power he 
uses. If a supply company is to succeed, good meters are an essential 
portion of its system of distribution. Every one knows this, or should 
know it, yet cases have come before us where, on account of lack of 
attention to this matter, the revenues from certain customers have 
been reduced by as much as 30 per cent. The matter of overcharges 
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through defective metering devices is a phase of* great importance, for 
no careful manager will lay himself open to charges of extortion and 
a consequent loss of customers. Of course, large companies have a 
just appreciation of these things and keep abreast of progress both in 
the matter of meters and inspection. Considering the importance of 
the subject it is surprising that so few attempts have been made to 
collect information on these matters in such a form that it would 
appeal to those to whom it is of perhaps the greatest relative concern, 
that is, to those connected with the smaller plants, where in conse- 
quence of false notions of economy old meters may have been retained, 
and whore inspection and testing have been neglected. 

The book before us is an attempt to supply this deficiency. The 
first chapters deal with power measurements in general. This matter 
is of such fundamental imjx)rtance that it is worthy of treatment in 
detail, esjDCcially when polyphase systems are considered. These chap- 
ters bear evidence of having been put together with less care than they 
deserve. They would be improved by a discussion of the conventions 
as to signs in such systems, and by the solution of illustrative examples 
on E. M. F. and current relations by the vector method, for it is only 
by this means that errors may be avoided. The following chapter, on 
** Meter Selection and Torque and Friction," together with Chapter 14, 
on " Value of Losses in Meters Related to Income,*' should convince 
any over-economical manager that he may be practicing false economy 
in retaining antiquated devices on his system. Chapters 5 to 1 1 are 
devoted to descriptions of typical meters ; no demonstrations are in- 
cluded. The remainder of the book is devoted to chapters on manage- 
ment of the meter department, including testing, on reading meters, 
and on differential rating. A brief chapter on photometry is appended, 
probably with a view to enlightening managers of small stations. 

F. A. L. 



Geology Applied to Mining^ 

The appearance of a new work on economic geology in this coun- 
try' is always the subject of intense interest and vigorous criticism by 
geologists and mining men, the former watching jealously the effect 
on the science, the latter seeking, too often in vain, for a helpful guide 
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through the mazes of obscure terminology which they have sought in 
vain to comprehend from Dana, Geikie, or Le Conte. It is always 
easy to criticise adversely such a book, but very difficult to find the 
time to write one for one's self; realizing this, the present reviewer 
welcomes in most friendly spirit Mr. Spurr's efforts, and congratu- 
lates him on publication of his book, while rcserv^ing the privilege of 
criticising freely with a view to suggesting improvement for future 
editions. 

The author's motive was to furnish "mining men and students" 
with a book " stating concisely those results of the science of geology 
which bear upon ore deposits." On a page later than the preface he 
limits the subject further by stating that economic geology in general, 
and this book in particular, deals principally with " the less common of 
the heavy metals." This is somewhat confusing, for it is commonly 
believed that coal, iron, copper, oil, the earths, and the natural salts 
come under the head of economic geology ; and it appears in the index 
that Mr. Spun* gives considerable attention to iron and copper. The 
order of presentation begins with the processes of ore deposition, then 
stratified and igneous rocks are treated in turn, then the principles 
of dynamic and structural geology are considered together, and lastly 
chemical geology and physiography. The apparent motive for this 
unusual order was the necessity felt by the author of defining ore 
deposits first as the subject best known to his readers. He then leads 
them by questions and answers — the Socratic method, with questions 
in italics, is used throughout — to the rock in which their ores may 
occur, treating sediments first. In the chapter on dynamic and struc- 
tural geology, maps and cross sections, folds, faults and joints, and 
placers are treated successively. The fifth chapter, dealing with chem- 
ical geology, takes up the work of underground waters, surface waters, 
solution, precipitation, alteration, oxidation, enrichment, ascension, de- 
scension, and lateral secretion. The last chapter dismisses briefly the 
relation of topographic forms to ore deposits. 

The material in the book should be of value to men actually engaged 
in mining who are sufficiently trained in the rudiments of science to 
understand such expressions as stable crust, sedimentar}'^ rocks, rc- 
crystallize, conglomerate, micaceous, chloritic, mctamoq^hosis, slipping 
planes, basic constituents, and magmatic segregation — all of which 
occur without definition in the first chapter; and the book contains 
no glossary. It contains a fairly complete summary of theories of ore 
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deposition as they have been discussed in the Engineering and Min- 
ing Joutnal and elsewhere during the last ten years, and is suited to 
readers of education such as would be required to follow such a journal. 
For mine foremen and prospectors in the Rocky Mountains, however, 
the book is as unintelligible as are most of the geological text-books. 
The first chapter might well discourage even the student of a technical 
school, dealing as it does with the most obscure phenomena of geology 
— metamorphism, metasomatism, and concentration. 

The reviewer would amend this destructive criticism by making 
a constructive suggestion — that the author rearrange the order in a 
future edition and append a glossary of terms. The natural order for 
leading the lay mind to an understanding of geology — as proved by 
a half century of the teaching of Agassiz, Shaler, and \jt Conte — is 
to present visible earth processes first, such as movements of water, 
sediments, earthquakes, volcanoes, and so lead up to the complex 
stmctures which are the results of these processes. Mr. Spurr*s defi- 
nitions of ** dynamic and structural geology** are incomplete, as he 
applies them chiefly to phenomena of deformation; and in any case, 
dynamical geology, dealing with perceptible earth movements of all 
sorts, should be treated separately from structures. A third improve- 
ment recommended, almost essential if such a book is to be really 
intelligible to non-technical readers, is the insertion of the best possible 
photographic repnxluctions of rock surfaces by one of the color or 
monochrome processes now possible at very moderate cost. Mining 
men who have not had laboratory training cannot learn to name rocks 
correctly unless they are shown good pictures of the rocks themselves. 
Most geological books are doubly confusing in this respect, for not 
only do they neglect illustration of the actual rock surfaces, but they 
present microphotographs made by transmitted light which have not 
the slightest resemblance to the rock itself. The diagrams in *' Geology 
Applied to Mining*' are generally good, but many of them would be 
greatly improved by the introduction of a graduated line to show scale. 

In the chapter on structural geology the expression "having a plane 
direction** (page 121) is not clear. On page 141, where a table is 
introduced to show the relation of dip to migration of outcrop, trigo- 
nometry seems unnecessary' ; on the other hand, the trigonometric rela- 
tions of thickness to dip and depth are nowhere explained in the book, 
and the word ** thickness*' does not appear either in the index or the 
text, either for veins or strata. This omission is startling in view of 
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the fact that the first task of the geologist is to determine thick- 
nesses wherever practicable. Elaborate methods of determining faults 
are given, some twenty pages being devoted to this subject. Mr. Spurr 
has written some original papers on faults, which perhaps explains the 
use of unusual terms, such as " perpendicular separation " as one of the 
"functions" of a fault movement. It is hard to follow the author, 
however, when he states and shows by diagram that ** the throw may 
be defined as the distance between two parts of any'* (faulted) "body 
. . . measured along the fault plane*' The text-books and most geol- 
ogists define throw as the vertical height of one end of a stratum above 
that from which it has been disconnected ; the distance along the fault 
plane is commonly called "displacement." Such inaccuracies as these 
are mere details, however, due to a conversational style, which on the 
whole is very readable and simple. It leads the author to looseness 
of expression occasionally, but this can be corrected after one or two 
revisions of the text. 

As against these defects, the chapters on igneous rocks, placer 
deposits, and chemical geology are useful writings, especially the latter. 
This chapter discusses concisely the movements of underground waters, 
concentration, replacement, etc., and gives many excellent examples of 
each phenomenon discussed, with abundant references to modem au- 
thors. It is by far the most carefully written essay in the book, and 
the author writes authoritatively, as his own experience has been large 
in the mining districts of Alaska, the Rocky Mountains, and Turkey. 
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This pamphlet is a preliminary report of the committee appointed 
by the American Chemical Society to study the possibility of obtaining 
more uniform results in technical analytical work. It gives a review 
of the recent work done in this line, including results of many chemists 
on standard samples of cement mixtures sent out by a committee 
consisting of Messrs. Richardson, S. B. Newberry, and H. A. SchafTer, 
and representing the New York section of the Society of Chemical 
Industry ; results on copper slags sent out by Mr. Thorn Smith ; and 



1 Contribution from the Committee on Uniformity in Technical Analysis, I. W. F. 
Hillebrand, chairman, Charles B. Dudley, H. N. Stokes, and Clifford Richardson, Secre- 
tary. Reprint from the Journal of the American Chemical Society, December, 1904. 
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results on zinc ores sent out by Mr. W. George Waring, of Webb City, 
Missouri. The samples were sent to various chemists with requests 
that results be reported, but there was no specification as to method 
of analysis. The variation in results was extremely large and indicated 
strongly that the present status of analytical chemistry is in a serious 
condition. The committee will endeavor to locate the causes of this 
condition. 

In the opinion of the reviewer it seems almost hopeless and useless 
to expect any uniformity in results when there is such a great variety 
of methcxls in use. It would seem very much more logical for the 
committee to issue, in future, provisional standard methods, and then to 
invite criticism and discussion in regard to that method with the idea 
of improving it. Of course, there would be many differences of opinion, 
but would this not in the end lead to the most important results ? 

Another point which the reviewer would insist upon is the fineness 
of the sample. In his experience he has found that there may be 
considerable segregation even in material which has passed a loome.sh 
sieve. In one of the series of samples which have been distributed in 
the past, this phenomena could readily be seen when this material was 
shaken in a bottle. This could not account for the extreme variatioiis 
reported, but may partially account for some of the discrepancies. 

In view of the extreme importance of the work of this committee, 
it is to be hoped that it will receive the supix)rt of all chemists and 
employers of chemists. The policy which they announce is quoted in 
full : — 

1. To use everj' endeavor to impress upon chemists the necessity for such changes, 
either in methods of analysis or of manipulation, together with a control of the purity of 
reagents in use, as will make it possible to arrive at greater uniformity in the results 
of analyses made by different analysts. 

2. To determine whether the lack of uniformity is to be attributed to lack of proper 
instruction in our schools or to mere carelessness in manipulation, by inviting the coopera- 
tion of the insttuctors in analytical chemistry in the work, distributing among them stand- 
ard material for analysis, the results of the analysis of which shall demonstrate the accuracy 
of the method taught by them. 

3. To test, in conjunction with the National Bureau of Standards, various methods, 
and determine their accuracy and suitability for general use. 

4. To prepare samples of materials of different character whose exact composition 
shall have been determined by the most careful analyses of experts. 

5. To place such samples in the care of the National Bureau of Standards for 
preservation and distribution to persons desiring to test their methods of analysb or of 
manipulation, or to check the work of students or technical chemists employed in works. 

6. To invite the cor>peration of persons interested in the analysis of any particular 
class of material, by the organization of sub-committees for the preparation and distribu- 
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tion of samples, the chaiiman of which shall be, for the time being, a member of the 
general committee and entitled to vote on the subject which his sub-committee has under 
consideration. 

It will not be the policy of this committee to commit the society as a body to the 
endorsement of any methods as standard, but merely to recommend such as may be found 
satisfactory. Nor will the committee intrude on fields of work that may be already well 
covered by existing organizations, such as the Society of Official Agricultural Chemists. 



Chemistry of Cyanide Solutions^ 

The author says in his preface that his "object has been not so 
much to give the results of any sjjecial researches on individual obscure 
points as to present a comprehensive and, as far as possible, complete 
review of the entire subject. For this purpose a short description of 
well-known methods is introduced, and when neccssarj' a critical discus- 
sion of their v'alue. I have also described the v'arious modifications of 
existing methods that have been suggested from time to time, but which 
have not hitherto been collected and comi>ared, and have given results 
of experiments made to test the accuracy of the assumptions on which 
such mcKlifications are based.'* 

This abstract from the preface well defines the scope of the book. 
As an attempt to collect the literature of the analytical methods which 
have a bearing on cyanide solutions with the many substances which 
under the conditions of working may be found in them, the book is a 
success and of considerable value. Whether or not this kind of a book 
is wanted is another question. The reviewer feels that the worker in 
this field would have been much better satisfied if fewer methods had 
been given, and the results of the author's experimental work had been 
summarized and not left in the form of tables for the worker to inter- 
pret himself. Furthermore, as to choice of methods the chemist would 
be bewildered by the many mcxlifications. It is to be hojxid that the 
author will some day modify the book so as to give some standard 
methods which he can recommend as the result of his experience in 

this field. 

H. F. 



*The Cheimstry of Cyanide Solutions Resulting from the Treatment of Ores. By 
J. Ys. Clennell, B.Sc. New York and l^ndon : The Engineering and Mining Journal, 1904, 
iv -f- 160 pp. Price, ^2.50. 



MDyERTISEMENTS 




THE 

MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 

BOSTON, MASS. 
HENRY S. PRITCHETT, President 

HE MASSACHUSETTS INSTITUTE OF TECHNOLOGY aims to give 
thorough instruction in Civil Engineering, including a Railroad option; 
Mechanical Engineering, including options in Locomotive Construc- 
tion, Mill and Marine Engineering, and Heating and Ventilation ; 
Mining Engineering and Metallurgy; Chemical, Electrical, and Sanitary En- 
gineering; in Chemistry; Architecture, with Landscape and Architectural 
Engineering options; Physics; Electro-Chemistry; Biology; Geology; and Naval 
Architecture. 

To be admitted to the Institute the applicant must have attained the age of seventeen 
years, and must pass examinations in algebra, plane and solid geometry, physics, history of 
the United States (or ancient history), English, French, and German. Preparation in some 
one of a series of elejictive subjects is also required. A division of these examinations 
between two successive years is allowed. In general, a faithful student who has passed 
creditably through a good high school, having two years* study of French and of German, 
should be able to pass the Institute examinations. 

Graduates of Colleges, and in general all applicants presenting certificates representing 
woric done at other colleges, are excused from the usual entrance examinations and from 
any subjects already satisfactorily completed. 

The regular courses are of four years* duration, and lead to the degree of Bachelor of 
Sdence. In most courses the work may also be distributed over five years by students who 
prefer to do so. Special students are admitted to work for which they are qualified ; and 
advanced degrees of Master of Science and of Doctor of Philosophy are given for resident 
study subsequent to graduation. A graduate school of engineering research has been 
recently established. 

Tbe tuition fe«, not including breakage in the chemical laboratory, is ^250 a year. In 
addition, $2^ or ^30 per year is required for books and drawing materials. 

For Catalogues and information, address 

H. W. TYLER, Secretary 

491 Boylston Street, Boston 



MDyERTISEMENTS 



THE TECHNOLOGY 
QUARTERLY 

AND 

PROCEEDINGS OF THE SOCIETY OF ARTS 

Published four times a year, in March, June, 
September and December 

Edited by ROBERT P. BIGELOW, Ph.D. 




HE TECHNOLOGY QUARTERLY is an lUus- 
trated magazine published' by the Massachusetts 
Institute of Technology. It is devoted to original 
articles upon various subjects in Architecture, Civil Engi- 
neering, Mechanical Engineering, Electrical Engineer- 
ing, PhysicSf Chemistry, Biology, Bacteriology, Mining 
and Metallurgy, or, in general, the Sciences and their ap- 
plications to the Useful Arts* 

The subscription price for non-members of, the Society 
of Arts is $3.00 per year (postpaid), payable in advance; 
single copies, 75 cents. 

Checks should be made payable to the order of the 
Technology Quarterly, and all communications addressed 
to 

TECHNOLOGY QUARTERLY 

Massachusetts Institute of Technology 

BOSTON, MASS. 



TECHNOLOGY QUARTERLY 

AND 

prcx:eedings of the society of arts 



Vol. XNflll JUNE. 1905 No. 2 



PROCEEDINGS OF THE SOCIETY OF ARTS 



FORTY-THIRD YEAR, igoir-rgos 



Boston, January 26, 1905. 
The 604th regular meeting of the Society of Arts was held in 
Room 22, Walker Building, on Thursday evening, January 26, at eight 
o'clock, Mr. J. P. Munroe in the chair. The records of the previous 
meeting were read and approved. Professor William H. Lawrence, of 
the Institute, and Mr. Jesse J. Eames, of Boston, were elected mem- 
bers of the Society. Mr. William Atkinson, of Boston, then addressed 
the Society on " The Orientation of Buildings ; or the Planning of 
Buildings and Streets with Regard to Sunlight.*' The lecture was 
illustrated with a number of slides. The thanks of the Society were 
extended to the speaker, and the meeting adjourned. 



Boston, February 9, 1905. 

The 605th regular meeting of the Society of Arts was held in 

Room 22, Walker Building, on Thursday evening, February 9, 1905, at 

eight o'clock, two hundred and ten being present. Dr. Theobald Smith 

presided. The records of the previous meeting were read and approved. 

119 



1 20 Proceedings of the Society of Arts 

A paper was then presented by Dr. Charles Wardell Stiles, of the 
Public Health and Maxine Hospital Service, on "The Hookworm Dis- 
ease : a New and Important Parasitic Disease of Man." The speaker 
described the methods by which the organism was discovered, and 
showed by maps its geog^phical distribution in America, and pointed 
out the relationships between the hookworm of the Southern States 
and similar parasites which are found in other parts of the world. 
A discussion of the symptoms and the treatment of the disease fol- 
lowed. The announcement was made that the disease is entirely 
curable by comparatively simple treatment. The lecture was illustrated 
with a number of interesting lantern slides. 

A brief discussion followed, and the meeting adjourned. 



Boston, February 23, 1905. 

The 606th regular meeting of the Society of Arts was held in 
Room 22, Walker Building, on Thursday evening, February 23, 1905, 
at eight o'clock. About' two hundred persons were present. Professor 
W. T. Sedgwick presided. The records of the previous meeting were 
read and approved. 

The Society was then addressed by Erastus G. Smith, Ph.D., Pro- 
fessor of Chemistry in Beloit College, Beloit, Wisconsin, who spoke on 
" The Purification of Public Water Supplies in the Middle West." The 
speaker described the relation of the natural waters to the different 
geological formations in the West, and explained in detail the nature 
and great variety of the problems that the sanitarian encounters in 
dealing with different waters. The water supplies of a number of 
Western cities were discussed in detail, with the special problems 
encountered in each case, especially Denver ; Ashland, Wisconsin ; 
Davenport, Iowa; Rock Island and Moline, Illinois; and St. Louis, 
Missouri. 

The lecture was illustrated by a large number of slides. 

The subject of water supply was further discussed by Professor 
Sedgwick, Mr. Robert S. Weston, and others. 

The thanks of the Society were extended to the speaker, and the 
meeting was adjourned. 
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Boston, March 16, 1905. 

The 607th regular meeting of the Society of Arts was held in 
Room 23, Walker Building, on Thursday evening, March 16, 1905, 
at eight o'clock. Professor Harry E. Clifford presided. About two 
hundred members were present. 

The paper of the evening was presented by Mr. John Stone Stone, 
who spoke on the subject of ** Wireless Telegraphy." The lecture 
was illustrated by a large number of diagrams, showing the results of 
Mr. Stone's researches on this subject. A vote of thanks was extended 
the speaker, and the Society adjourned. 



Boston, March 29, 1905. 

The 608th regular meeting of the Society of Arts was held at 
the Institute of Technology, Room 22, Walker Building, on Wednesday 
evening, March 29, 1905, at eight o'clock. Professor C. F. Allen 
presided. Sixty-five persons were in attendance. 

Mr. Charles B. Breed, of the Civil Engineering Society of the 
Institute, addressed the Society on " The Abolition of Grade Crossings 
in Chicago by Track Elevation." 

Mr. Breed described the scope of the work, and the method employed 
in raising the ttacks without stopping freight and passenger traffic, and 
called special attention to the engineering details. He also gave some 
interesting statistics as to the number of grade crossings abolished, the 
number of miles of elevated track in Chicago, and the cost of chang- 
ing the grades; and spoke of the future of the work. The lecture 
was illustrated by lantern slides showing the work at different .stages. 
After some questions and discussion a vote of thanks was extended 
to the speaker, and the Society adjourned. 



Boston, Ajml 13, 1905. 
The 609th regular meeting of the Society of Arts was held in 
Room 22, Walker Building, on Thursday evening, April 13, 1905, at 
eight o'clock. Mr. (icorge W. Blodgett, chairman of the Executive 
Committee, presided. About sixty-five persons were present. The 
minutes of the previous meeting were read and approved. 
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The chairman then presented Professor George H. Barton, Curator 
of the Teachers* School of Science, who gave a most interesting account 
of **The Physiography and Geography of Hawaii." Professor Barton 
six)ke of the physiographic changes which have taken place during the 
l>ast twenty-five years, or between his first and second visit to the 
islands, and mentioned also the economic development which has taken 
place. 

The lecture was illustrated by a large number of interesting lantern 
slides. The thanks of the Society were extended to the s|)eaker, and 
the Society adjourned. 



Boston, April 27, 1905. 
The 6ioth regular meeting of the Society of Arts was held in 
Room 22, Walker Building, on Thursday evening, April 27, 1905, at 
eight o'clock. Professor Harry E. Clifford presided. About forty per- 
sons were present. The minutes of the previous meeting were read 
and approved. The appointment of a nominating committee was then 
called for, this committee to be apjx)inted by the chair. Messrs. H. E. 
Clifford, J. Y. Norris, W. L. Underwood, R. P. Bigelow, and the Secre- 
tary were appointed. The chairman then presented Mr. Philip W. 
Davis, of Boston, who spoke on "Storage Batteries," giving an account 
of their development, of the different types of batteries now in use, 
and of their applicability either on a large or small .scale. He described 
in detail some of the most important plants which are now receiving 
power from this source. The lecture was illustrated by a large num- 
ber of interesting lantern slides and diagrams. The thanks of the 
Society were extended to the speaker, and the meeting adjourned. 

Samuel C. Prescott, Secretary. 
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Contribution from the Sanitary Research Laboratory and 
Sewage Experiment Station of the Massachusetts 

Institute of Technology 

II 

THE INTERPRETATION OF AN ANALYSIS OF THE 
EFFLUENT FROM A SEWAGE FILTER 

By EARLK B. PHELPS 

(Received April 3, 1905) 

In a previous paper the writer (1905) has described certain charac- 
teristics of a sewage, in terms of which the analytical figures may be 
interpreted, in order that sewages may be described and classified with 
reference to purification. The subject of sewage filter effluents, requir- 
ing, as it does, a distinctly different manner of treatment, was not 
considered at that time. The proper interpretation of the analyses of 
such effluents, however, is equally important in experimental work, and 
is the essential point in the work of the practical sewage filter. In the 
present paper it is the intention to discmss this phase of the sewage 
purification problem. Septic sewage was considered in the previous 
paper as a sewage to be purified. It must also be considered here, 
but as a partially purified effluent. 

The subject of the quality of the effluents derived from a sewage 
filter has been considered from two totally different points of view, 
which have led frequently to conflicting opinions as to the results 
obtained. One \iew is based upon the actual work of the filter ex- 
pressed in percentage efficiency, and necessarily takes into account 
the nature of the raw se\vage. The other is based upon the quality 
of the effluent as shown by the analysis. 

The former is, as a rule, the point of view of the investigator who 
is comparing the work of several tyixjs of filters upon the same sewage, 
and who finds in the j^ercentage efficiencies of the Several filters a 
convenient basis for such comparisons. The latter is the broader view 
of the sanitarian and of the public health official, whose duty it is to 
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inquire, not what is the percentage removal of organic matter, but what 
will be the probable effect upon the health and comfort of the com- 
munities below of the discharge of this effluent into a stream. Ik)th 
viewpoints must be taken, each supplementing the other. 

The expression, "percentage removal,'* sometimes called the efficiency 
of the filter, is of very little value in the comparison of systems which 
are not receiving the same sewage, for it is much easier to get a high 
efficiency, calculated in this way, on a strong sewage than on one which 
is weaker. The figure in any case is of real value only when it is based 
upon determinations which are themselves total and not partial deter- 
minations. For example, it is obvious that the total organic nitrogen 
or total organic carbon of the raw sewage and of the effluent may be 
directly compared ; but the comparison of such partial values as those 
of the albuminoid ammonia or of the oxygen consumed will give only 
misleading results. Whatever value such determinations may have in 
the comparison of like substances is entirely lost when the substances 
are unlike. The removal of bacteria may properly be expressed in the 
form of efficiency, but in the case of very good effluents this form of 
expressing results fails in another respect, in that a very short range 
of numerical efficiencies covers a wide range of actual conditions. For 
example, it might not readily be noted that in a given filter a change 
from 99.9 per cent, to 99.8 per cent, in the bacterial efficiency would 
mean a doubling of the bacteria in the effluent, while smaller but signifi- 
cant changes in the effluent would not appear in the efficiency number. 
On the whole it would seem that a* better interpretation of the analysis 
of an effluent can be made than this customary comparison with the 
raw sewage. A direct comparison of effluents derived from the same 
sewage will serve the puqwses of the investigator fully as well as a 
comparison of the efficiencies, while the quality of the effluent is the 
final and practical criterion upon which the work of the filter must be 
judged. 

Historical. Standards of Purity 

In an act of the English Parliament of 1861, entitled ** Local 
Government Act Amendment Act" (Great Britain, 1861), a provision 
prohibits the construction of new sewer outfalls which shall discharge 
any "sewage or filthy water into any natural water course or stream 
until such sewage or filthy or refuse water be freed from all excremen- 
titious or other foul or noxious matter such as would affect or dete- 
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These deixind in general upon the storage of the effluent in a bottle 
at summer temjxirature and out of contact with the air for a period of 
several days. Certain tests are then made upon this incubated sample 
to determine if it has undergone putrefaction. The determination of 
the oxygen consumed before and after incubation is the one most fre- 
quently employed. Many chemists determine the loss of dissolved 
oxygen and of nitrates either in the original effluent or after mixing 
it with certain quantities of aerated water or nitrate solution. 

Attention has also been called to the value of the nitrates in an 
effluent. Gayon and Dupetite (1886) have shown that denitrification 
is a direct combustion of organic carbon at the expense of the oxygen 
of the nitrates. Experiments of Adney and of Letts tend to confirm 
this view. It is also brought out by these investigators that the free 
dissolved oxygen likewise takes part in the reactions, carbon dioxide 
being evolved in amount corresponding to the free oxygen used up. 
Thus instead of adhering to the older view that all organic matter is 
harmful and must be kept below a certain maximum standard value, 
the more recent practicti is to balance the available oxygen against the 
organic matter, and, if the former be found in excess, to consider the 
effluent satisfactory. The question remaining to be settled, and on 
which there are many views, is just how much of the oxygen is 
available and how much of the organic matter requires oxidation. 

These and other considerations have led to the construttion by 

Rideal (1902) of a formula for the discharge of effluents into a stream, 

which he proposes as a practical standard of purity for effluents. This 

formula is : — 

^^ XO 

in which 

.V ^= Flow of the stream in hectoliters per minute. 

O = Grams of free oxygen in i hectoliter 

vS" = Hectoliters of effluent discharged per minute. 

.1/'= Grams of oxygen required to consume the organic matter in 

I hectoliter of effluent as determined by the permanganate test, 

boiling for four hours and deducting for the nitrites. 
.V = Grams of available oxygen as free oxygen, nitrate, and nitrite 

(2O2 for NoO-, O.^ for N.Pg). 
C = Ratio between the amount of oxygen in the stream and the 

amount of this required to oxidize the organic matter. 
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which sanitarians should ever be working, is the perfect purification 
of sewage from all i)athogenic bacteria before discharge, it may never- 
theless be better economy, with our present information, so to purify 
our sewage as to prevent it from seriously fouling the streams and to 
thoroughly purify all waters taken from them for domestic use. With 
the idea, therefore, of inteq^reting our analyses of effluents in accord- 
ance with this view, let us examine our analytical procedure in connec- 
tion with the purification processes to sec what significance each of the 
substances determined has uix)n the interpretation of the analysis of 
an effluent. At the same time the fact must not be overlooked that 
practically |x;rfect purification from the bacterial point of view is entirely 
feasible, and in many cases desirable. The question of the interpreta- 
tion of slow-sand-filter effluents will, therefore, naturally be included in 
the present discussion. 

Nitrogen 

According as the conditions of the purification process are aerobic 
or anaerobic, the nitrogen of the organic molecule may follow one or 
the other of two very different courses. In the slow sand filter and 
also in the jx^rcolating, or trickling, filter, in both of which types there 
is a plentiful supply of oxygen, the course of all the nitrogen seems 
to be from organic molecule to ammonia, and thence to nitrites and 
nitrates. In a very good sand filter as much as 99 per cent, of the 
organic nitrogen may be thus accounted for. On the other hand. 
Farrell and the writer (1905) have recently shown that in the contact 
system of purification, while as much as 25 jx^r cent, of the total nitro- 
gen may follow this course, a large part of the remainder is converted, 
under the anaerobic conditions of the reduction phase, into the amine 
form, and that these amines in turn react with the nitrites previously 
formed. This reaction causes a liberation of a large percentage of the 
total nitrogen in the form of the free gas. As much as 50 per cent, 
of the total may thus disappear. In the septic tank also nitrogen is 
liberated, but in this case the liberation is brought about by the direct 
action of the microorganisms upon the organic molecule. . Kinnicutt 
and Eddy (1901) have published the results of what is probably the 
most careful study ever made of the amount and composition of the 
gas given off in the septic tank. As a result of their work upon 
the Worcester sewage, extending over a jxTitKl of a little over two 
years, they found for the first fifteen months the average amount of 
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as evolved was 2.3 gallons per 100 gallons of sewage, and that of this 
as 32 per cent, was nitrogen. A simple calculation shows this amount 
5 represent 9.8 parts per million of sewage. The total nitrogen value 
)r the raw sewage, as given by Eddy (1901), is 42.5 parts per million, 

that 23 per cent, of the total is evolved in the tank as nitrogen gas. 
)uring the following year the average results similarly calculated are 
.5 parts per million evolved, or 17 per cent, of the total nitrogen of 
lie sewage. The latter figure itself is not given for that year, and is 
ere calculated approximately by the formula proposed by Fuller (1903), 

rhich is, 

^ , 12 X (albuminoid nitrogen)^ 

Total organic nitrogen = ^ ; — i — : ^ — - • 

ammoniacal nitrogen 

Similar calculation made upon some results obtained by Clark 
[900) on the Lawrence sewage shows an evolution of nine parts per 
lillion of nitrogen in a sewage which contains approximately forty 
arts per million of nitrogen as calculated by the above formula. The 
itrogen evolved in this case is therefore about 22 per cent, of the 
)tal. 

In Manchester, England, Fowler (1901) has made some analyses 
nd measurements of the gas in a septic tank. His results, calculated 
ito parts of nitrogen per million, give 12.5 parts. Averages of the 
iw sewage are not given, but, judging from the septic tank effluent, 
le sewage is of about the same strength as that of Lawrence. 

Knowledge of the actual amount of nitrogen escaping from the 
iptic tank or from a contact filter is obviously of great importance, 
nd the value of total nitrogen determination as an index of the work 
f these processes is evident. 

The Free Ammonia. — The free ammonia being a transition stage 

1 the purification process is not of much significance in those rapid 
rocesses of treatment where a large amount of ammonia is produced 
\ a short time. While rt is strictly an inorganic substance, and in 
I'ery way harmless, yet the fact must not be overlooked that it is 
ot a stable compound when discharged into a stream. All tjie free 
mmonia must be oxidized at the expense of the free oxygen of the 
tream, and its effect in thus reducing the ix)wer of the stream to 
irther purify organic matter must be allowed for. This fact is not 
Dnsidered in Rideal's formula previously given. In very pure efflu- 
nts, such as those from sand filters, the free ammonia, being extremely 
»w, is a valuable index of the work of the filter. In such cases it may 
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be said that it runs very nearly parallel with the organic nitrogen as 
well as with the bacteria. 

Nitrites. — The nitrites are likewise transition substances, and are 
extremely unstable. In filters of thv; oxidizing type, nitrites are a 
valuable indication of the condition of the filter. When such a filter 
is running at its best, the nitrites will, as a rule, be low. A marked 
increase in the nitrite value is then an indication that something has 
gone wrong with the filter. Considered with reference to the stream, 
they are of value in that they possess available oxygen, although as a 
rule the amount of nitrites present is too small to be of any value in 
this resi^ect. Their great importance in the reactions of the contact 
filter has already been alluded to. 

Nitrates. — Nitrates are the final product of the oxidation of the 
organic nitrogen. Their appearance in sand and trickling filters is, 
therefore, of great significance, in that they indicate the actual amount 
of work done by the filter. Their relation to the quality of the efflu- 
ent is also important. They carry the largest amount of the available 
oxygen of the eflfluent, and it is now believed by most authorities that 
they may be entirely consumed in the process of secondary oxidation, 
which takes place in the stream after the discharge of the eflfluent. 
Any arbitrary standard for purity for effluents from such filters should, 
therefore contain, in addition to a maximum allowable amount of organic 
matter, a minimum amount of nitrates. In such a case mere dilution 
of an eflfluent could never bring it to the desired condition, while with 
high nitrates an eflfluent will not generally become foul or oflfensive by 
secondary putrefaction. 

Authorities are not yet in agreement as to the significance of 
nitrates in the contact filter eflfluent. This point has been discussed 
in detail in the pajxT on the contact filter previously referred to (Phelps 
and Farrcll, 1905), and will not be taken up here. The writer s opinion 
is that since nitrates are used up in the work of the filter, their appear- 
ance in the eflfluent merely indicates that an excess has been formed, 
and that if necessary the filter may be worked harder. Perfectly stable 
eflfluent s may be obtained practically free from nitrates. 

Carbon 

The organic carbon is determined only partially by the oxygen- 
consumed test. While this test has a certain value in the comparison 
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which is free from dissolved oxygen, might be looked uix)n with sus- 
picion but that it contains high nitrates, and has thus an ax'ailable 
reserve of oxygen in another form. There may be some doubt as tu 
which of these two effluents is really the better. ITiey would doubtless 
both give similar values for C in Rideal's formula. Incubation tests 
are stn)ngly in favor of the one containing nitrates. 

PUTRKSCIBIMTV TkSTS 

By putrescibility we denote that projx^rty of the organic matter 
in a sewage or effluent which causes it, under certain conditions, to 
undergo putrefactive change. Thus gelatin is a putrescible substance, 
while peat is a g(XKl example of a non-putrescible, or stable, substance. 
For the purjx)ses of sewage work, the organic matter dealt with may 
be roughly groujx^d into these two classes, for it is now pretty gener- 
ally conceded that, in addition to the readily putrescible organic matter 
which chamcterizes sewages, there is also found in effluents organic 
matter of the other class, that is, stable organic matter. Bodies be- 
longing to this latter group may already exist to some extent in the 
raw sewage, and they are the characteristic end-products of the rapid 
oxidation of the sewage in a trickling filter. They are not produced 
appreciably in the anaerobic decom^x^sitions of the septic tank, and 
would, therefore, appear to be the result of the direct oxidation of 
the organic molecule rather than of its hydrolitic cleavage. This view 
may be illustrated by the two following hyjxjthetical reactions : — 

Oxidation, 2R-N=R' -f 30.^ = R-O-R + 2R'=0 + N5O3. 
Hydrolysis, R-N=R' + H.,0 = R-OH + R'=NH. 

In o'her words, hydrolytic cleavage produces amines and complex, per- 
haps unsaturated, hydroxy 1 bodies, while oxidation produces ultimately 
oxides of nitrogen and organic molecules which do not readily take 
up more oxygen. 

Water analysts feel strongly the need of distinguishing between 
these two classes of bodies in potable waters represented by animal 
pollution on the one hand and by vegetable extractive matter on the 
other. Many attempts have been made to devise an analytical process 
for this purix)se. Woodman (rScjS) has proix)sed a method which is 
worthy of wider adoption. He would determine the oxygen consumed 
by the regular method from ix'rmanganate and again from chromic acid. 
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The ratio between these two values is a characteristic one for each of 
the two classes of material. The water analyst, however, has other 
determinations upon which he can rely to aid in his interpretation. 
The chlorine, nitrites, and nitrates each have their own significaoce, 
and help to explain the origin of the organic matter. 

In sewage analysis nothing in the ordinary procedure serves to 
give' any clew to this question of the character of the organic matter. 
Therefore about 1895 Scudder (1902) devised as a simple method of 
studying this point the test which has since come to be known as the 
incubator test. In its earliest form this test consisted in completely 
filling a bottle with the effluent and keeping it stoppered at a warm 
summer temperature for a few days. If it was then free from odor 
and from all signs of decomjx)sition, it was considered nonputrescible. 
Later Scudder placed this test upon a more scientific basis by deter- 
mining the oxygen consumed from permanganate in the cold in three 
minutes, the dissolved oxygen and the nitrates both before and after 
incubation. A putrescible effluent as defined by him will have lost 
part of or all its dissolved oxygen and nitrates, and will absorb an 
increased amount of oxygen from permanganate. 

The writer's experience with the incubation test upon many kinds 
of effluents leads him to believe that the observed changes in the 
amount of available oxygen and in the 'oxygen-consuming power of 
the effluent during incubation serve to indicate three different condi- 
tions of the effluents, rather than two only, and that the interpretation 
of the test from this point of view makes it the most valuable one in 
our analytical procedure. The following classification of the results of 
the test will make this view plain : — 

1. There is no loss of available oxygen during the incubation. 

2. There is loss of available oxygen. 

a. The loss is only partial. The oxygen-consumed value is un- 
changed or diminished. The effluent remains clear without the pro- 
doction of disagreeable odor. 

b. The loss is total. The oxygen-consumed value is increased. 
Putrefaction has occurred with the production of disagreeable odors, 
and usually of a dark sediment. 

In case i the organic matter is stable, or nonputrescible, in the 
true sense of the word. Such an effluent would pass the incubation 
test in its strictest form as recommended by Scudder. Case 2 a repre- 
sents an effluent whose organic matter is not completely stable. The 
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])utrescibility of this organic matter is not determined by the test, since 
anaerobic conditions have not been established. This material might, 
imder such conditions, have become putrescent, but the supply of ax'ail- 
able oxygen in the effluent is more than sufficient to render it stable 
and nonputrescent. Although the available oxygen is diminished and 
the effluent would not, therefore, pass the test as used by Scudder, 
it is nevertheless apparent that it contains within itself the power to 
complete its own purification, and thus could not under any conditions 
become foul. Case 2 ^ is an example of an effluent which cannot com- 
plete its own purification, and would draw upon the purifying power 
of the stream. Its effect upon the stream, therefore, would depend 
upon other considerations, namely, relative volumes of the stream and 
of the effluent, character of the stream as regards previous pollution 
and available oxygen, etc. For the further study of such an effluent 
Adney's proposed test will be of service. This test consists in mixing 
the effluent with the water of the stream in the proportion of the 
relative volumes of their flows, and then incubating. Whether or not 
the stream will be able to complete the oxidation of the effluent will 
be shown by this test. But one must not overlook the fact that one 
is working here on a very narrow margin of safety, and careful con- 
sideration must be given to the possible seasonal variations in the 
quality and flow of the stream. In general, effluents of this character 
ought not to be discharged. They constitute pollution even when no 
immediate nuisance is j)roduced. Their effect upon the river is cumu- 
lative, and in the ca.se of a stream receiving such effluents from a 
numlKT of communities the first discharge might be of untreated sew- 
age, while the communities lower .down would be obliged to produce 
a very pure effluent in order to prevent fouling of the stream. 

In carrying out the determinations connected with the incubation 
test certain si)ecial methods of procedure are necessary. For exam- 
ple, it is found that the determination of the oxygen consumed by the 
.shorter Engli.sh method — three minutes in the cold — rather than by 
the hot method emphasizes greatly the changes occurring during the 
incubation. The writer has also found it quite necessary to determine 
the amount of i>ermanganate which is instantly used up in the cold. 
This instantaneous value determines the hydrogen sulphide, ferrous 
.salts, and other products of reduction accompanying anaerobic fermen- 
tation, and includes also the nitrites, if any are present. After cor- 
recting this value for the nitrites, any marked increase after incubation 
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indication of slight changes in the work of the filter. Where a high 
degree of purification is not attempted the color of the effluent is of 
no value whatever. 

The odor of the effluent is often of significance to the analyst, 
although the difficulty of correctly describing such an odor in intelligi- 
ble terms lessens the value of this test as a matter of record. The 
writer has used a set of terms for odors in sewages and effluents 
which are sufficiently self-explanatory to any other analyst engaged in 
the same work to render them of some service. They are as follows : 
SewagCy the odor of fresh sewage as it flows in a city sewer, espe- 
cially in winter. Septic, the characteristic odor of septic sewage, which 
often persists after passage through the filter. Musty, as used in water 
analysis; generally characteristic of contact filters. Earthy , the odor 
of fresh, clean earth, characteristic of trickling filter effluents. Vegeta- 
ble, as used in water analysis, characteristic of well-purified sand-filter 
effluents. The numerical expression of the intensity of the odor, as 
recommended by Whipple (1901), is used in connection with these terms 
with fairly satisfactory results. The odor after incubation is obviously 
of great value in the interpretation of that test. 

Bacteria 

When we consider that the removal of pathogenic organisms from 
the sewage is one of the prime reasons for its purification, it is unfor- 
tunate that the advance of knowledge in this particular subject has 
been very much slower than on the purely chemical and engineering 
sides. The actual removal of pathogenic organism from water by sand 
filtration has been experimentally demonstrated, and a study of the vital 
statistics of certain localities before and after purification of a polluted 
water supply leaves no room to doubt that a fairly complete removal 
of such organisms by sand filtration is possible. It might thus very 
well appear that in the case of sewage a careful purification through 
sand filters, which reduces the total bacteria to a figure permissible in 
a filtered water supply, will also have effectively removed the pathogenic 
forms. 

The organisms supposed to be the cause of nitrification in the 
filters have been extensively investigated. Qualitative studies other 
than these are not very often made. What little information exists 
at present on this important subject is for the most part too meagre 
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is ex|XicU*cl. In such cases the number of organisms present ser\'es as 
a valuable index <»f the amount of organic matter in the water. 

Othkr Pkoposei) Tksts 

Many other tests of minor importance have been proposed for the 
rapid determination of the character of the effluent. Such tests for 
the most part lack the merit of being based u|ion any scientific princi- 
ple, and are, as a rule, only used for the guidance of the workmen in 
the control of the filter plant. 

' At l,eeds, England (Harding, 1902), the effluents are jKissed thn)ugh 
small basins in which fish are kept. The fact that fish are thus able 
to live is taken as evidence that the eflflucnt is satisfactorv. Obviously 
the ability of fish to live in an effluent signifies merely that there is 
an abundant supply of oxygen and an absence of any great amount of 
turbidity, facts which could be equally well shown by very simple tests. 

In these same basins certain microscopic animals and plants are 
often found, and uix)n the character of such growths Walker (1902) 
has based an interesting biological test for the quality of the effluent. 
For example, he found that the best effluents, such as those from 
double contact systems high in nitnites, sup|X)rt a copious growth of 
Xhii .C/tlorof/iycece, notably Stigcoclonium and Microspiray while Oscilla- 
ria and other Cyanophyccce are generally present in small amounts or 
altogether absent. In slightly inferior effluents these blue-greens pi^- 
dominate, together with infusoria and rotifers. Still poorer effluents 
were found to be characterized by the presence of Beggiatoa and the 
infusoria, Carchesinm and Vorticella. 

The Derbyshire County Council recommend a "shake test." In 
this test the effluent is vigorously shaken in a bottle for one minute. 
In a satisfactory effluent the froth should disap|x*ar within three .seconds. 
The significance of this test is not apparent. 

Barwise (1904) suggests that the pn)cess of purification is accom- 
panied by the conversion of ammonium carbonate into nitrous and nitric 
acids, a change from alkaline to acid reaction. He therefore recom- 
mends the determination of the alkalinity in the raw sewage and in the 
effluent as a measure of the purification. In sewages containing much 
cellulose, however, he found the test to be unreliable on acanmt of the 
production of acids from the cellulose. 
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Summary and Conclusion 

Summarizing briefly the most important points in the analysis of 
a sewage-filter effluent, it may be said that the determination of the 
nitrogen in all its forms is of first importance, not alone in indicating 
the extent of the purification, but as an index of the stability of the 
effluent; that the determination of the total organic carbon, or its 
roughly relative estimation by the oxygen-consum.ed test, ranks next 
in significance, representing material that still requires oxidation ; that 
the dissolved oxygen is of great significance both as to the condition 
of the filter and the stability of the effluent ; and that a study of the 
changes occurring during incubation serves to reenforce the analytical 
(lata, and is in reality the ultimate Criterion upon which the interpre- 
tation of such data depends. The value of bacteriological data as 
indicative of the quality of the effluent is still an unknown quantity, 
although the writer is inclined to believe that the determination of 
specific coefficients, as described by Clark and Gage, may eventually 
l)ecome the standard against which we may check our simpler labora- 
tory methods. Such extensive studies are obviously not available in 
the routine work of the analyst for sewage works, but are of the great- 
-est importance in enabling us to understand the processes with which 
"we are dealing and correctly to interpret our analytical data. 

In the following specimen analysis of an effluent are included the 
important determinations which have been described in the preceding 
f)ages. 
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Sprcimkn Analysis 

(Parts per million) 



Nitrogen : 

Total 

Organic 

AsNHs 

As NjOfi 

As NgOs 

Carbon : 

Total 

By KMnOt: 
Cold. Instantaneous 
Three minutes 
Hot. Thirty minutes 

Oxygen : 

Dissolved 

Turbidity : 

Total 

On standing 

Sediment (mff.) .... 

Color 

Odor 



Toul. 



50.5 
16.0 
11.0 
1.5 
•22.0 



100.0 

0.1 

0.6 

12.4 



7.2 



125.0 

25.0 

100.0 



Dissolved. 



44.5 
10.0 
11.0 
1.5 
22.0 



70.0 



8.0 






3 earthy 

I 



Suspended. | ^^^^1^, 



6.0 
6.0 



30.0 



4.4 






i.o 

15.0 



0.1 
0.4 



5.0 



1 musty 
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AN OFTEN NEGLECTED FACTOR IN SEWAGE ANALYSIS' 

By KLLKN H. RICHARDS 

In most discussions on the quantitative estimates of the substances^ 
to be determined, it seems to be taken for granted that a given sample 
of sewage may be tested as taken, or at any convenient time, six, twelve^ 
or forty-eight hours after. 

A slag from a blast furnace may or may not be stable in its com- 
position; but sewage, full of life and therefore in a state of active 
change, rendered more active by the increase of temperature in the 
laboratory over the ground sewer, cannot be treated so carelessly. 

Each hour, or perhaps each half hour, changes the relative compo- 
sition, and, as has been fully determined in other cases, time must be 
considered where life is concerned in the changes. 

Analysts have been berated because they have not developed a 
satisfactory system of testing this most complex and changing fluid. 
The question may fairly be raised. Is not the first step to decide upon 
a uniform time and temperature to which the sample shall be subjected 
before testing ? 

The objection will at once occur to the engineer, " But we wish t«> 
know at once while the plant is in operation," just as the blast furnace 
manager wishes his report before the next charge is added. 

True, but the quick method can be decided upon only after the 
more complete results are at hand, so that the reliability of the rapid 
tests may be determined. 

The usual object of sewage treatment is to get rid of that vaguely 
described material, "organic matter." The ammoniacal compounds 
already formed offer no serious difficulty. 

But the substances to be disposed of belong to two classes, (i) easily 
changing and (2) more or less permanent, and it is just here that ana- 
lytical methods are weak. Total organic matter may not give the desired 
data because in one case one-third of it may be in a condition to yield 
to purification, in another two-thirds, and yet the results of analysis may 
be the same. A separation of the two classes is much to be desired, 
or a determination by means of time and incubation at a definite tem- 
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perature of the amount of increase in certain constituents, as ammonia. 
Confirmation of the desirability of such study may be found in the 
results of H. C. Sherman's^ investigations on milk fresh and stale. 

In the practice work by the class of 1905, Sanitary Engineering 
Course, some indications of the direction in which increased knowledge 
may come were obtained. They are given as hints for further work. 

Two samples received on successive weeks from the Sewage Experi- 
ment Station within an hour from the sewers, still cold, were each 
divided into two portion.s, and the first portions were started digesting 
for total nitrogen, were distilled for free and albuminoid ammonia, were 
treated with aluminum hydrate, and the filtrates subjected to the above 
tests within four hours ; the second portions were treated in the same 
way on subsequent days, with the following results : — 



TABLE I 
Parts per million 



Free ammonia 

Albamtnoid ammonia . . ' 

Total by Kjeldahl 

Same less free ammonia (subtracted) . . 

Total after distilling free 

Factor for albuminoid ammonia .... 



Samplk 


No. 1. 


SAMfLR 


No. 2. 


First day. 


Second day. 


First day. 


Fourth day. 


8.10 


13.60 


16.8 


25.6 


4.48 


• • 


6.8 


• • 


20.80 


24.32 


;i«.2 


• • 


11.90 


10.72 


22.4 


14.6 


■ • 


10.24 


• 


• • 


tm 


2.28 


3.3 


2.1 



TABLE II — Sample No. i Filtered through Double Paper the 
First Hour after Receiving, Still Cold 





First day. 


1 Third day. 

1 


Sixth day. 


Free ammonia 


8.00 

2.20 

20.16 

12.16 


15.20 
2.-24 

• 


16.40 


Albuminoid ammonia 

Total by Kjeldahl 


0.96 


^ Same less free ammonia (subtracted) . 


• • 









* Jour. Am. Chem. Soc, n>05, XX VII, p. 124. 
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Table III — Sample No. i Treated with Aluminum Hydrate and 

Filtered within the First Hour 



Free ammonia 



Albuminoid ammonia 



Total by Kjeldahl .... 
Total less free (subtracted) 
Factor 



First day. 



8.0 
2.6 
16.0 
8.0 
3.0 



Third day. 



8.48 



Sixth day. 



10.0 



TABLE IV — Samplk No. 2 Treated with Aluminum . 

Hydrate First Day 



Free ammonia 



Albuminoid ammonia 
Total by Kjeldahl . . 
Total less free . . . 
Factor 



Total from original . 
Total from precipitate 



13.50 
2.64 
29.30 
15.80 
6.00 
29.30 
15.60 



Total less final free 
Leaving total . . 



44.90 
25.60 



19.30 



Experienced analysts may draw their own conclusions, but there 
seems to be a ix)ssibility of some separation of the easily decomposable 
substances and their separate treatment, which may throw some light 
on the intricate processes which must be more clearly understood before 
really scientific management can be predicated. 
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TABLE V — Sample No. i. Incubated at 36' 



Free ammonia 



Albuminoid ammonia 



On the third day. I f>n the sixth day. 



18.80 



:i.08 



16 



TABLE VI — A Sample from the Septic Tank 



Free ammonia 



First day. Third day. 



Sixth day. 



10.48 



10 



i;).4 



It would seem that an incubation of twenty-four or thirty-six hours 
"before testing is likely to give more concordant results and to lead to 
a better balance between applied sewage and effluent. Further tests 
are needed to prove whether it is common to have so great a discrep- 
ancy as shown between the total nitrogen the first hour, 20.80, and 
the second day, 24.32 (Table I) ; also if it is a general rule that treat- 
ment with aluminum hydrate will remove the easily putrescible sub- 
stances as indicated by the filtrate of No. i remaining nearly unchanged 
for three days and more (Table III), while the untreated paper filtered 
(Table II) increased in free ammonia from 8.0 to 15.20 on the third day. 
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Contributions from the Laboratory of Sanitary Chemistry 

X 

THE DETECTION OF CANE SUGAR IN MAPLE 

PRODUCTS 

By a. G. WOOUMAN 

** Pure Vermont maple sugar" appears every year in our markets 
long before sugar weather is established or the sap even begins to flow 
in the maple groves of northern Vermont. There has long been little 
doubt in the mind of the consumer that the article he buys is not pure 
maple sugar, but contains in most cases a considerable proportion of 
refined cane sugar. Owing, however, to the identity in chemical com- 
position of the two sugars, the adulteration has been considered very 
difficult, if not impossible, to prove. Within the last year, however, the 
problem has been attacked on somewhat different lines and, to judge 
from the published reports of state and municipal laboratories, with a 
considerable degree of success as regards the detection of adulterated 
goods. 

In collaboration with the* Bureau of Chemistry of the Department 
of Agriculture, the writer has had opportunity Xo test the value of* sev- 
eral of the methods proix)sed for the examination of maple syrups and 
sugars, both on samples of known purity and on adulterated samples. 
The results obtained on these are published here, not because they 
offer anything new, but for the purpose of adding to the analytical 
data which it will be necessary to gather before standards of permanent 
value can be ?\\K^i\. 

Three methods were used, the first being the centrifugal method 
devised by Julius Hortvet, of the Minnesota State Dairy and Food 
Department, and described by him in a valuable paper in the Journal 
of the American Chemical Society} the same procedure being also 
detailed in a circular distributed to members of the Association of 

^ Jour. .\ni Chem. Soc, 1904, 26, p. 1523. 
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of the syrups, and 3072, 3092, 3200 of the sugars were obtained 
from the makers through known sources, and are supposedly pure. 
The other samples were purchased on the Washington market. Sam- 
ple ** X " was much softer and contained more ** molasses " than the 
others, evidently having been made by the genuine old-fashioned kettle 
method. 

TABLE I — Results of Hortvet Method 



Syrups. 



Sugars. 



.Sample. 


Specific 
gravity. 


Reading in 

cubic 
centimeters. 


Corrected 

reading, cubic 

centimeters. 


3142 
3151 
3156 
3159 
3067 
3076 

• • 


1.33 
1.30 
1.33 
1.32 
1.34 
1.34 


2.17 
2. 18 
2.75 
2.36 
2.30 
2.05 


1.17 
1.21 
1.62 
1.33 
1.27 
1.08 



1 


Reading in 

cubic 
centimeters. 


Corrected 

reading, cubic 

centimeters. 


3072 
3002 < 
3138 
8143 i 
3145 , 
3200 \ 
"X" , 

1 


• 
• 


3.07 
AM 
1.90 
1.48 
1.48 
4.87 
2.88 


2.47 
3.94 
1.30 
0.88 
0.88 
4.27 
2.28 



Blank determination = 0.60 c.c. 



According to Hortvet, the results on pure maple syrup vary from 
0.94 to 1.82 c.c, and on pure sugars from 1.18 to 4.41 c.c. 

According to Hill and Mosher, genuine maple syrup gives a color- 
less, or nearly colorless, filtrate after precipitating the lead with hydrogen 

sulphide. All syrups known not to be maple gave a brown or black fll- 

N 
trate. All samples known to be genuine required 30 to 35 c.c. - alkali 

per 100 c.c. syrup, equivalent to 0.20 to 0.25 gram malic acid per 

100 c.c. syrup. All samples known not to be maple required less than 

N 
10 c.c. — alkali per 100 c.c. syrup. !f genuine maple syrup be diluted 

with a pure granulated sugar syrup, the only change in results noted 
is the lower acid figure. 
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TABLE LI — Results of Hill and Mosher Method 



Syrups. 



Sample. 


Color after H,S. 


C.c.^ alkali per 100 c.c. 


( vrams malic acid 
per 100 c.c. 


3142 


BUck 


5.62 


.038 


3151 


BUck 


2.74 


.018 


3i;i6 


White 


62.18 


.417 


31ii0 


White 


26.28 


.176 


3007 


Very light brown 


36.46 


.344 


3076 


Very light brown 


34.24 


.229 



SUGAKS. 



3072 


Black 


26.69 


.179 


3(b2 


Black 


15.65 


.105 


3138 


Brown 


6.92 


.046 


8143 


Very light brown 


1.98 


.013 


8145 


Brown 


2.64 


.018 


8200 


BUck 


17.63 


.118 


"X" 


Black 


20.92 


.140 



The data obtained by Jones on several samples of pure and of 
adulterated goods are given in Table IV. ^ The lowest limit of ash 
in pure maple syrup is placed by him at 0.5 per cent., on the basis 
of 1 1 pounds of syrup to the gallon. Pure maple products as manu- 
factured in a crude way by the farmers rarely go below 0.6 per cent, 
in total ash ; pure goods manufactured on a larger scale by improved 
appliances are sometimes lower on account of the more complete 
removal <rf sediment by settling and filtration. 



1 For other results obtained by Jones, see also Leach : Food Inspection and Analysis. 
1904* p. 770. 
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Considering first the syrups examined, the Hortvet test would show 
samples 3076, 3142, and 315 1 to be open to suspicion. In the other 
two methods, however, the color of the hydrogen sulphide filtrate and 
the alkali required for the malic acid, as well as the data on amount and 
alkalinity of the ash, indicate that only two of these, 3142 and 315 1, 
are mixed with cane sugar. 

In the case of the sugars the Hortvet precipitate and the ash data 
are quite concordant and show the presence of cane sugar in samples 
3138, 3143, and 3145. Although recommended only for syrups, the 
Hill and Mosher test has been used also in the examination of the sugar 
samples, without, however, obtaining quite so characteristic results. The 
amount of standard alkali required for the malic acid bears out the indi- 
cations of the other two methods, but from the color of the hydrogen 
sulphide filtrate no definite conclusions could be 'drawn. 

The centrifugal test is rapid and convenient, and as such is most 
desirable for use as a routine or " sorting out " method to be applied 
to all samples, to be followed by other confirmatory tests in cases where 
its indications are at all open to doubt. In the writer's hands this test 
did not give quite so decisive results as the other two, but its ease of 
execution renders it of great value. The Hill and Mosher test is rather 
tedious and disagreeable, but gives characteristic results. With the 
syrups especially the color of the hydrogen sulphide filtrate was very 
striking and served excellently to differentiate the impure samples. 
With the sugar samples it was not found so effective. On the whole, 
the method giving the most satisfactory and decisive data seemed to 
be the examination of the ash, especially the proportion of soluble and 
insoluble ash and their respective *' alkalinities." 

In conclusion, acknowledgment is gladly made of indebtedness to 
Mr. G. W. Rolfe for many helpful suggestions. 

Massachusetts Institute of Technology, * 

February 15, 1905. 



Raihvay Tekphouc Scn*icc ; Cost of Line Construction 153 



THE RAILWAY TELEPHONE SERVICE; COST OF LINE 

CONS TR UCTION^ 

By frank F. FC^WLE, S.B. 

The ownership and operation of private telephone lines by railway 
companies is a proposition which differs essentially from the public 
exchange and toll business. There are three distinct differences which 
place the railway telephone service in a separate class, namely : the 
service is not operated for direct revenue ; it is only an auxiliary in 
the rail^\'ay business, and the nature of the traffic permits discrimina- 
tions and very quick service. Since the telephone is a competitor with 
the mil way telegraph and the railway mail, the economy of the tele- 
phone is interwoven with the cost of the telegraph and the mail. It is 
generally true of the traffic of communication that the volume of traffic 
decreases with the length of haul and that the bulk of the traffic is 
short haul. 

The whole question of telephone service and its economy is second- 
ary to the traffic, and the use of the telephone is justified when the 
traffic can be handled as cheaply in no other way and when the nature 
of the existing wire plant is such that to neglect the possibilities of 
simultaneous use is a waste. The traffic of communication by telegraph 
and mail should be thoroughly studied before it is decided whether the 
cost of telephone line construction is justified. The very short haul 
traffic is almost invariably handled most economically by telephone ; the 
rapid increase in the use of private branch exchanges bears out this 
view. The inherent advantages of the telephone in this field are quick 
service and immediate answer or response ; and in the class of commu- 
nications of which no record is made these advantages are paramount. 

Undoubtedly the mail, the telegraph, and the telephone are of 
relatively different economy under different conditions ; but there is 
a class for each in which its economy makes it the superior method. 
It is important to keep records of the traffic of communication by 
these three methods, in order to see that each is handling the business 
which it is adapted to handle most cheaply. 



' Copyright, 1905, by Frank F. Fowle. 
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The niilwiiy nuiil i)n)l)ahly constitutes the cheapest means of com- 
munication, and its i)eculiar field is not likely to be invaded until the 
advent of the printinf( telegraph. The natural tendency is to abandon 
the mail for the telegraph and the telephone, (m account of the quicker 
serx'ice, and (me of the uses of traffic records is to detect and prevent 
such abuses when the sj^eed of the mail service is amply efficient. 
However, the mail service can never be better than the train ser\^ce, 
and this ])oint seemingly constitutes its limitation. 

The entire traffic of communicati(m is generally divisible into thR^e 
main parts : the local or short haul, the traffic over each division or 
the moderate haul, and the traffic between the divisicm offices and the 
m.iin offices or the long haul. The volume of the long haul traffic 
de|K*nds very largely on the organizaticm of the various dejimrtments, 
the distribution of the organization over the n)ad, and the territory 
covered. The organization of the telegraph department will naturally 
Ik* one ccmforming to the i)articular requirements of any case. There 
are two common features in nearly all organizatums, namely: one train 
disjxitching wire and one message wire, cut into all offices, over each 
division; if the division is long and the business^ heavy, it may be 
subdivided, because one wire cannot handle the traffic. The long haul 
tniffic between divisicm headquarters and the princijial offices is usually 
handled on wires cut into few offices, and not infrequently these wires 
are duplexed <»r quadruple xed. The cost of telegraph senice rests on 
considerations which are quite apart from those which determine the 
cost of telephone service. Before discussing the question of cost it 
may be well to define it, as considered in this paper. 

What Constitutks Cost 

Cost may Ixi divided into two ])arts, operating cost and cost of 
ownership. Oix^rating cost includes labor, i^)wer, light, heat, rent, 
and such supplies as are used in daily operation and not chai^eable 
to maintenance. The cost of ownership includes the fixed charges on 
the entire plant, interest on first cost, depreciation, maintenance, insur- 
ance, and taxes ; it is customary to compute these charges on a yearlv 
basis and give to their sum the term Total Annual Charge. 

The total yearly cost of ownership and o])eration is the sum of 
the Total Annual Charge and the Total Annual Operating Cost. This 
cost covers the entire ])lant, both line and terminals. There is obviouslv 
a divi.sion of cost Ix^twecn line and terminals which results in the best 
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High efficiency in open wire lines is secured by using low resist- 
ance wires ; high efficiency in cable lines is secured by using lo\\r 
resistance wires and adopting a construction which will give the least 
capacity. The following table shows the weight of one wire per mile^ 
for open wire circuits to talk various distances, on the assumption oF 
several different standards : — 



Copper Wirk 



Distance. 

Miles. 
100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,200 

1,400 

1,000 

1,800 

2,000 



WnUiMT PHR MlI.R, FOR A STANDARD OF No. 8 B. W, (I. OF 



8ri4l miles. 
I*oun<is. 



115 



175 



280 
290 
850 
410 
470 

5:w 

650 
780 
910 



1,200 miles. 



Pounds. 



105 
150 
190 
230 
270 
310 
;J50 
435 
521) 
610 
t505 
785 



Iron Wire, BB Grade 



1,H00 miles. 



Pounds. 



110 
135 
165 
190 
215 
270 
325 
380 
435 
490 





100 


180 


• • 


• • 




150 


450 


210 


• • 




200 


750 


400 


160 




250 


• • 


610 


270 




300 


• • 


• • 


400 
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Telephone cables are constructed in twisted pairs to avoid cross-talk ; 
the length of twist varies from 3 to 6 inches. There is practically no 
additional cost over straight wire cables and they are equally efficient, 
with the advantage that conductors may be used as straight single wire 
circuits or as twisted metallic circuits. 

The following table gives the mileage of No. 8 B. W. G. open wire 
circuit which is equivalent to one mile of circuits of various gauges in 
paper cables of (ordinary construction : — 



Cablk 


CoNI)UtTC»K>. 


MilcK of Ko. M B. W. (;. which an equivalent 

*t « a_ ■ 


Gauge B. and S. 




Mutual capacity. 


to one mtle of cable. 




Mile*. 


22 




.(Hm mi. 


45.6 


19 




.054 


28.5 


16 




.065 


22.2 


13 




.065 


15.7 


10 




.090 


13.0 



The cost of cables varies with a large number of conditions, but 
the following table shows the average cost in dollars per foot of cables, 
whose equivalents are given above : — 













H. AKU S. (iAliCif 


t. 




Number of pairs. 


















No. 22 






No. 19 


t 


No. 16 


No. 13 


No. 10 


5 


mi 






.05U 


1 

1 


.073 


.115 


.148 


10 


.054 




.08.) 


1 


.100 


.175 


.239 


15 


.001 


1 


.10 


1 


.139 


.231 


.331 


20 


.072 


1 


.12 


i 


• • 


• • 


• • 


25 


.08:^ 


i 


.135 




.194 


.:^i8 


.492 


30 


.trt»4 


1 


.1.^ 




■ • 


. • 


• • 


40 


.10i> 




.1711 




.273 


.483 


.734 


50 


.12s 


rhk 




.21 


1 
1 

leath, 


• • 

j'^ inch. 


i 

• • 


• 




kne 


ss <if si 
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line. The effect of two terminal sets would be equal to 71.2 miles of 
No. 8 B. W. G. Therefore it is economy to install composite apparatus 
in long trunk lines only, without intermediate telephone or telegraph 
stations. 

In illustration of this, take the case of compositing a telephone line 
of No. 8 B. W. G. as compared with two No. 8 B. W. G. iron telegraph 
wires. The first cost of each circuit is given below, on the assumption 
that pin space is available on an existing line : — 

Cost of Metallic Circuit of Xo, S />. W, G. Copper 

870 pmnds cop|)er at S .15 jx-t pound . . . f 130. 50 

80 pins at .or each ...... .80 

80 insulators at .02 each 1.60 

80 tic wires at .0^5 each 2.00 

10 sleeves , at .035 each .35 

I^bor at 10.00 per mile 10.00 

Total co.st jx,T mile, $145.25 

Cost of Single Wire Circuit of No. S. B. IV. U. Iron 

378 ix)unds iron at $ .035 jxir pound $13.23 

40 pins at .01 each .40 

40 insulators at .02 each .80 

40 tie wires at .005 each .20 

Labor at 5.00 |kt mile 5.00 

Total cost ]KT mile. $19.63 



The total annual charge on each circuit is computed below, on the 
basis of 4 ]x:r cent, interest, fifty-year useful life of copper wire and 
fifteen-year of iron ; the annual cost of maintenance being principally 
the cost of labor, it is taken as $1 jkt mile of wire. 

Annual Cost of Metallic Circuit of Xo. S />. \V. G. Copper 

Interest at 4 per cent $5.81 

Depreciation at 2 j)er cent 2.91 

Maintenance at Si.oo jkt mile of wire 2.00 

Taxes at \ j)cr cent . . 1.45 

Total annual char^^e, $I'2.I7 



Railway Telephone Sennce ; Cost of Line Construction i6i 

Annual Cost of Single Wire Circuit of No. 8 B. IV. G. Iron 

Interest at 4 per cent % .79 

Depreciation at 6.J per cent 1.32 

Maintenance at $ i .00 per mile of wire i .00 

Taxes at i per cent .20 

Total annual charge, $3-3 ' 

The annual charge on the telephone circuit must increase 186.62 on 
account of compositing the circuit before it is economy to string two 
separate telegraph wires and work the telephone circuit uncomposited. 
This resolves itself into a question of the distance between telegraph 
stations. An increase of $6.62 in the annual charge on the telephone 
circuit may be regarded as the interest, depreciation, and taxes at 7 per 
cent, on the additional copi^er needed to maintain the efficiency of the 
telephone circuit. This amount capitalized is $94.57, and will pay for 
630 pounds of additional copper, or a 750-ix)und v^ire instead of a 
435-pound. 

In designing a 1,200-mile line, on the 1,200-mile standard, it would 
be economy to introduce not more than six composited sections, giving 
telegraph service thereby between the two terminals and five interme- 
diate telegraph offices. The economy of the composite is less apparent 
>^^th a better standard of transmission ; but the economy on short haul 
circuits of less cost is more apparent. The efficiency of the composite 
from a telephone standpoint exceeds the efficiency from a telegraph 
standpoint, for a telegraph circuit through twelve composite sets would 
not be satisfactory. The composite system is limited by the fact that 
an intermediate telephone station requires the same comix)site appa- 
ratus that is required at an intermediate telegraph statipn. Ringing 
over such circuits is accomplished by the use of special high frequenc)' 
ringers. The question of economy may be summed up in the statement 
that the composite system is best adapted to circuits of moderate or 
great length, on which the telephone traffic and the telegraph traffic 
are of a through nature, or direct business between terminals. 

The simplex system is somewhat more flexible, but does not present 
the same economy of line as the composite. There are two types of 
simplex apparatus, one of which employs a re]Xiating coil and the other 
a bridged imjxidance ; the latter is the more efficient. The repeating 
coil method is employed when grounded ringing generators may be 
connected to the line, which otherwise would ground the telegraph 
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circuit and chatter the relays ; this method has advantages under cer- 
tain conditions, but is not the most economical for long lines. The 
effect of a repeating coil of the most efficient type, introduced in the 
line at the terminal, is equivalent to the introduction of one mile of 
No. 19 B. and S. gauge cable, or 28.5 miles of No. 8 B. VV. G. open 
line. The effect of the bridged simplex may be considered as equiva- 
lent to 0.25 mile of cable. Considering the former case of a 1,200- 
mile line of No. 8 B. VV. G. copper, it will be economy to intniduce 
simplex apparatus until the annual charge per mile of line exceeds 
$15.48; the increase of $3.31 capitalized at 7 per cent, is $48.14, and 
will permit increasing the weight of the wire to 595 pounds per mile. 
A 595-pound wire will talk 1,570 miles, and the margin over 1,200 miles 
is 370 miles of the 595-pound wire or 280 miles of 435-iiound wire. It 
will be economy to simplex such a line, pnnided the number of sim- 
plexed sections does not exceed twenty. Intermediate telephone sta- 
tions bridged on the line require no simplex api>aratus, and this feature 
adapts the simplex system to short lines handling way (telephone) 
business. An intermediate telegraph station, at which there is no 
telephone, may be equipped with a repeating coil if the station is not 
near either terminal, because the introduction of an efficient coil has 
less effect if the coil is in the centre of the line. 

The simplex system adapts itself to a greater range of traffic con- 
ditions than the composite, but it is especially adaptable to circuits 
handling way business, either telephone or telegraph. The Morse side 
of the com|X)site system may be worked single or duplex, and on the 
simplex system it may be worked single, duplex, or quadruplex. 

Circuits Wholly in Cable 

For distribution from private exchanges the use of cable is eco- 
nomical if a considerable number of circuits follow one route. On the 
basis that it is not advisable from a mechanical standpoint to string 
cop{)er wire weighing less than 150 pounds per mile, it follows that 
No. 22 gauge cable becomes economy for more than ten circuits, No. 19 
gauge for more than fifteen, and No. 16 for more than twenty. This 
conclusion is arrived at on the basis that a circuit of I50pound copper 
costs [XT mile : — 
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300 pounds copper at % ,\^ per pound .... $45.00 

80 pins at .01 each .80 

80 insulators at .02 each i .60 

80 tie wires at .01 each ...... .80 

10 sleeves at .025 each .25 

Labor at 10.00 per mile 10.00 

Total cost per mile, $58.45 

Total annual charge, $6.09 

The cost of aerial cable per mile is computed as : — 

l^'pair No. I(^ Gauge Cable 

5,280 feet cable at $, 10 per foot $528.00* 

5,280 feet supporting strand at $.01 per foot . . 52.80 

3,000 cable hangers at $.005 each 15.00 

40 suspension clamps at $.05 each 2.00 

10 guy clamps at $.10 each i.oo 

I^bor 150.00 

Total cost per mile, $748.80 

And the annual charge is computed on the basis : — 

Interest at 4 i>er cent $29.95 

Depreciation at 5 per cent 37-44 

Maintenance at $15.00 per mile 15.00 

Taxes at i per cent 7.49 

Total annual charge, $89.88 

Total annual charge per mile bf circuit, $5-99 

Cables of No. 13 and No. 10 gauge are suitable only for use in 
connection with long haul circuits, but are the most economical for 
such work. It is good practice to employ cables having conductors of 
several gauges, and such cables are in use, having No. 19. No. 16, and 
No. 13 gauge conductors. 

If the cable had been compared with oixin metallic circuits of No. i o 
B. W. G. iron wire, the point at which cable becomes economy would 
not have been reached for as low a number of pairs as in the case of 
the 150-pound copper circuit. The annual charge on the iron circuit 
of No. 10 B. W. G. is $5.54 ixT mile. 

The use of loading coils for improving transmission, as shown to be 
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]K)ssible by Dr. M. I. Pupin, is of ^o^at economy for long circuits in 
cable. There is usually no ad\'antage in loading circuits less than five 
miles in length, and loading should be confined to trunk lines. There 
are few railroad conditions where loading would be of material benefit 
at present. The loading of ofxin wire lines is not advisable except for 
circuits of small gauge — and relatively low eflficiency for long haul work 
Considerable improvement may be obtained by loading such circuits. 
The improvement is obtained only for relatively long circuits, and the 
gain is not so apparent when sj.ich circuits are operated in short sec- 
tions because of the harmful effect of bridges on the circuit at the 
intermediate offices. 

The loading of large gauge, ojxin wire lines is not advisable, because 
such circuits are already ver)' efficient and because whatever improve- 
ment may be obtained is dependent on high insulation of the line ; and 
low insulation not only impairs the eflficiency of the loading, but so 
impairs it under the conditions of very |X)or insulation that the loading 
is a detriment to transmission. 

Lavolt and Design of Circuits 

The design of circuits to meet a particular set of conditions is 
a problem which may be soK'cd with a precision equal to that in all 
ordinary engineering work, but it is essentially a traffic problem in the 
broadest sense. The terminal conditions are of the utmost importance, 
and have a great bearing on the line costs. In designing a long trunk 
line the various conditions which affect the eflficiency of transmission 
should be carefully considered The choice of the proper gauge of line 
wire cannot be decided until the equivalent effects on transmission have 
been determined for all the circuits and apixiratus in the longest con- 
nection. The equivalents should 1x3 k-nown for the sub-station lines, 
the switchboards, the oflfice cables, the bridle cables, the underground, 
aerial, and submarine cables, and the composite or simplex apparatus. 

The combinations of circuits in ojxrn wire with those in cable, and 
combinations of both with composite and simplex apparatus, are so 
numerous that they cannot be discussed here. The problem in gen- 
eral is that of selecting the combinations which make the total cost 
a minimum for a chosen standard of transmi.ssion. 

The normal direction of telephone development is the construction 
of inexpensive short haul circuits initially, the moderate haul and long 
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This would increase the annual charge on a pair of No. 8 B. W. G. 
iron wires from $6.62 to $6.94 per mile, the increase of 32 cents being 
10.7 percent, interest on $3. Such a circuit would furnish transmis- 
sion equal to the 1,200-mile standard for 195 miles; for wires which 
have depreciated materially this might be reduced to 1 50 miles. Prior 
to transposing it, it will be necessary to measure the |X)Ie line carefully 
to determine the location of transi>ositions. Such work, done by three 
men at a rate of ten miles jx^r day, should cost about $1.50 per mile 
of pole line. 

CiRciriT Efficiency in Handlinc; Traffic 

The circuit efficiency (number of calls per day) increases with the 
number of circuits operated in a group to handle business over one 
route. The efficiency of a single circuit is usually low, but this has 
not been the exi^erience in railroad work. Single tnmk circuits are 
handling as many as 100 to 125 calls jkt day. As the volume of 
traffic over one circuit increases, the average delay on the traffic in- 
creases rapidly unless the circuit is one of a group of several circuits. 
Probably a traffic of fifty calls per day represents the largest traffic that 
can be handled without delay, giving first-class service. The use of 
the circuit to pass calls between the operators will occupy about 10 per 
cent, of the total time, leaving 90 per cent, of the hour for actual 
circuit use. 

It is imiv)rtant from a traffic standpoint not to bridge intermediate 
way offices on busy trunk lines. Party lines are not economical except 
when the traffic jxir station is very small. If a station at some point 
on a through or trunk circuit has enough business to warrant telephone 
connection, it is usually the best plan to simplex or composite an iron 
circuit to the nearest office at which there is a private branch exchange. 
A busy station jx^rmanently connected to a trunk circuit is uneconomical 
of the line, if the line is of any considerable length. 

The Operating and the Traffic Departments are usually large users 
of the telephone ser\ice, and properly so; the Supply Department may 
use the ser\4ce to a considerable extent also. The other users should 
Ixi restricted in order to place the senicc at the disposal of those in a 
|xisition to make the best use of it. 

The daily message capacity of a telegraph circuit is about 250 
messages, on a nihc-hour basis. Railroad messages are of much greater 
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one train dispatching circuit and one combined business and commer- 
cial circuit are sufficient, the business can be handled most cheaply 
by telegraph. The very long haul traffic also can be handled by tele- 
graph most cheaply. On railroad lines where there is heavy trans- 
portation traffic it is usually the case that the traffic of communication 
is correspondingly large ; and this is the economic field of the telephone, 
worked simultaneously with the telegraph. 

Records of Traffic and Wire Trouble 

Traffic records are of value — as applied to the mail, the telegraph, 
and the telephone — in preventing abuses of the service and keeping 
the various classes of traffic in their respective channels, in detecting 
parts of the wire plant which may become idle through changes in 
organization or traffic methods, and in ascertaining when circuits are 
overloaded and additional facilities needed. Telephone traffic records 
should show date, time, origination, destination, reason for delay, length 
of connection or for what reason it was not established, and the 
names of the parties or departments. Telegraph traffic records should 
show the date, time received, filed, and transmitted at the origination ; 
at the destination should be shown the time received, filed, and deliv- 
ered. Mail records should show the date, origination, destination, train 
number, and the departments between which the communication passed. 

Traffic summaries should be prepared in two ways, one showing 
the daily message load on each office and the other the daily message 
load on each circuit. 

Records of wire trouble are useful to show causes for traffic delays 
and also to detect bad construction, bad line conditions, or lack of 
prompt location and removal of trouble. 

Line maintenance is an important question, and it is economy to 
employ a force sufficient to clear trouble promptly. Trouble on trunk 
lines and long circuits should be cleared before local office troubles if 
there is necessity for a choice. If a lOO-mile circuit is in trouble, on 
which the total annual charge is $io per mile or a daily charge for 
I GO miles of $2.74, it is obviously economy to get the section lineman 
to the trouble very promptly. This point is more strongly emphasized 
by the attendant delay to traffic and congestion of business. 
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Crossings with High Tension Power Transmissions 

The growing commercial importance of transmitting power electric- 
ally over transmission lines operated at pressures as high as 33,000 
volts — and in the far West even higher — emphasizes the danger of 
such lines. The general question of the joint occupancy of pole lines 
and subways by telephone, telegraph, and power systems is well set 
forth in the *' National Electrical Code '* of the National Board of Fire 
Underwriters. Class E, ''Miscellaneous,'* Rule 64, on "Signalling 
Systems," and Class B. "Outside Work," Rule 12, on "Wires," and 
Rule 12A, on "Constant-Potential Pol^ Lines, over 5,000 Volts," 
apply to all telephone and telegraph work. The telephone companies 
are making extensive application of various methods for protecting 
aerial crossings with high tension lines. Some of these methods have 
been described in the technical press {Electrical World and Engineer ^ 
May 21, 1904, by Robert E. Chetwood, Jr.) and are well worth using 
where the conditions permit them. Standardization of crossings is not 
feasible on account of the wide range of conditions to be met, but 
there should be a universal policy in regard to providing screens be- 
tween the lines or going underground with one line, and also in regard 
to the minimum mechanical strength of wires, poles, cross-arms, pins, 
and insulators. 

Existing Railroad Telephone Systems 

The following railroad systems have extensive telephone systems, 
including lines of considerable length : New York Central and Hudson 
River Railroad, Lake Shore and Michigan Southern Railway, Illinois 
Central Railroad, Lehigh Valley Railroad, New York, New Haven 
and Hartford Railroad, Delaware, Lackawanna and Western Railroad, 
Chicago, Burlington and Quincy Railway, Pennsylvania Railroad, Penn- 
sylvania Company, Chesapeake and Ohio Railway, Baltimore and Ohio 
Railroad, Northern Pacific Railway, Pittsburg and Lake Erie Railroad, 
and Long Island Railroad. 

The largest gauge wire is No. 8 B. W. G. and the smallest is 
No. 10 B. and S., for aerial work. Considerable use of comjxisite and 
simplex systems is made. The longest transmission is from New York 
to Chicago, 960 miles, over the New York Central and Hudson River 
Railroad and the Lake Shore and Michigan Southern Railway. The 
total mileage of telephone circuit is approximately 6,000 miles, excluding 
very short lines and station circuits. 
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I visited Washington Camp in 1901 and again in 1902, and haw 
devoted in all about a week to the study in the field of the geologic 
relations of its ore deposits, adding, incidentally, a suite of the rocks 
and ores to the economic geologic collections of the Massachusetts 
Institute of Technology. 

General Geology 

Washington Camp consists (geologically) of an irregular area of 
limestone and quartzite of uncertain age, some 7,000 feet in extreme 
length north and south, and 3,000 feet in maximum breadth east and 
west. This bcxly of sediments is bordered on all sides by igneous 
rocks — granite and porphyry ; and it may be regarded as an island in 
the sea of granitic rocks composing the main part, at least, of the 
Patagonia range. The granite and the porphyry (which is clearly 
a somewhat later phase of the granite) are newer than the sedimentar)^ 
rocks, and have been erupted through the latter; and the area in 
question is simply a remnant of the original formation which was so 
deeply engulfed by the igneous rocks that it has survived the extensive 
erosion which has long since swept away the rest of the sedimentary 
cover of the granite over an area of many hundreds of square miles. 
That the erosion has been extensive we have also positive proof in 
the highly crystalline character of most of the granite and in the 
highly metamorphic character of the limestone, even at points remote 
from the border of the granite. The sedimentary rocks are not now 
absolutely continuous, but several detached masses occur in the granite 
along the eastern border of the main area ; and the latter is more or 
less completely divided towards its western margin by several large 
north-south dikes of granite. Although no fossils have survived the 
metamorphism of the limestone by which its geological age might be 
determined, there is no reason to doubt that it is a part of the great 
Paleozoic limestone formation so characteristic of many of the mining 
districts throughout the entire Rocky Mountain region. 

The strata are highly inclined at all points, but the dip varies greatly 
in direction and amount ; the prevailing dip, however, is to the west at 
angles of from 30° to 90°, but mostly above 60® ; while toward the 
eastern border the dip, at a few points, is reversed, or easterly, at 
similarly high angles ; and in general it may be said that the strati- 
fication is highly disturbed, with, in some cases, abrupt and extreme 
variations in strike and dip. 
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due possibly to more intense metamorphism ; while the Abrigo lime- 
stone is definitely proved by its fossils to be of Middle Cambrian age. 
In each district this older limestone is followed by a second white 
quartzite; but this is only 8 feet thick at Bisbee and fully loo feet 
on the eastern slope of Washington Mountain. Above this quartzite, 
at Bisbee, come several thousand feet of limestone, including the Martin 
limestone (Devonian), 340 feet ; the Escabrosa limestone (Lower Car- 
boniferous), 800 feet ; and the Naco limestone (Upper Carboniferous), 
1,500 to 2,000 feet. These upper Paleozoic limestones of Bisbee may, 
jx^rhaps, be correlated tentatively with the Washington Camp section 
above the parting quartzite ; and I have been inclined to regard the 
latter as a general equivalent of the Harding sandstone in Colorado.^ 
The heavy beds of chert in the middle part of the Washington Camp 
section appear to be wanting at Bisl>ee. 

From the northwest border of the area of sedimentary rocks, at 
least three great dikes of granite extend southward along the strike of 
the limestone. The most easterly dike, fully 100 feet wide, forms the 
hanging wall of the upper ore body in the Pride of the West Mine, and 
is separated by several hundred feet of chert and limestone from the 
second dike, which is proved by a crosscut tunnel to be over 1 50 feet 
wide. These two dikes converge southeastward and become one. The 
united dike can be traced across Double Standard Gulch, passing west 
of the Holland Mine ; and it probably continues until it crosses the 
southern border and rejoins the main body of granite on the Belmont 
claim or the Lead King claim. The second dike, on the eastern slope 
of Washington Mountain, is separated by a broad band of blue, crystal- 
line limestone and the parting quartzite from the third dike, which is 
at least 100 feet wide, but appears to die out southward before reaching 
Double Standard Gulch. Above this dike the very massive crystalline 
limestone, with innumerable lines and lenses, but no heavy beds, of 
chert, extends to the summit and to the contact with the basal quartzite 
on the west slope. 

In further comparison with the Bisbee district, it may be noted 
that the garnet ledge is more i^rominently develoj^ed than at Bisbee, 
and that faulting is relatively unimportant at Washington Camp, so that 
there appears, in general, to be little difficulty in tracing a particular 
horizon from end to end of the sedimentar)* island or inclusion in the 
granite. 



* Folio 7. United States (icological Survey. 
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contact, at least equally with the lateral contacts, is characterized by 
the garnet zone. 

The fact that the metamorphism of the sedimentar)' rcx:ks is not 
confined to the borders, but is, in general, somewhat uniform over the 
entire area, var)'ing only with the original comiX)sition of the limestone, 
and the absence, at most points, of a fine-grained or compact border in 
the granite itself, show, no^ only that these rocks were very deep-seated 
at the time of the intrusion of the granite, but also, apparently, that the 
granite underlies the limestone now at no verj' great depth, although 
the Westinghouse shaft, on the extreme eastern margin of the limestone, 
has failed to reach the Ix^ttom at a depth of 650 feet. 

Ore Deposits 

Although having, in general, more or less the forms of veins, the 
ore dejx)sits are not, to any important extent, true veins, but are 
better classed as substitution deposits or replacements in the limestone. 
Among their most striking characteristics are : — 

First, they are entirely confined to the sedimentar)- rocks, and 
chiefly to the limestone, and have not been observed in any instance 
to extend never so slightly into the surrounding granite. This seems 
to force upon us the conclusion that the ores have not been derived 
from the granitic rocks, and have not come from a great depth in the 
earth. 

Second, save where the contact is transgressive, they corresiX)nd 
closely, but not always exactly, with the limestone in dip and strike, 
and are at all points clearly to be recognized as replacements of the 
limestone. 

Third, where not accomi>anying the limestone-granite ctmtact, they 
usually occur along the contact of the limestone with a princij>al bed 
of chert. 

Fourth, they are, in general, very intimately associated with the 
garnetiferous zones, which undoubtedly represent what were originally 
exceptionally impure members of the limestone series. This association 
is so constant that the garnet has come to he recognized as a fairly 
reliable indication of the occurrence of the ores ; and the garnet rock 
and the ores are often very intimately commingled, the garnet forming 
in most cases the princijxil gangue of the metalliferous minerals or ores. 

Fifth, the ore body acc()mi)anying a contact garnet zone is always 
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on the ifiside of the zone, that is, between the main body of the garnet 
ledge and the limestone, and not between the garnet ledge and the 
granite. 

The ores include chiefly chalcopyrite and sphalerite, with, at the 
present time, very subordinate amounts of galena. Secondary ores are 
relatively very unimportant, and are now pretty well worked out. The 
oxidized copper ores, including cuprite, the carbonates, and chrysocoUa, 
occur but sparingly, and the secondary sulphides (bornite and chalco- 
cite) are rarely seen. Although the copper ore (chalcopyrite) ranks 
first in value at the present time, the zinc ore (sphalerite) predomi- 
nates in the deposits, tending to become relatively more important with 
depth ; and an important output of zinc would seem to be among the 
possibilities for this district. 

Mhtamokphism of the Limestonk and Chert 

The crystallization of the purer phases of the limestone to form 
white to gray saccharoidal marbles and of the chert (in part) to 
form non-clastic quartzite are normal phenomena, demanding no spe- 
cial discussion. In part, however, the metamorphism of the chert has 
gone far beyond the degree here indicated. Thus, in the southwestern 
part of the field, on the Lead King and Belmont claims, bordering but 
not penetrating the granite, is a compact body of coarsely crystalline 
quartz, fully 100 feet wide and extending northward, in the direction 
of the strike and away from the granite, at least 300 feet, and possibly 
much farther. In large part this body is essentially structureless, 
consisting of massive, vitreous quartz, but enclosing, also, many more 
or less distinct crystals of quartz, ranging in size up to at least 2 feet 
in length and 5 inches in diameter, and occurring to a considerable 
extent in radiate groups. A shaft sunk 20 feet into this mass dis- 
closed nothing but pure quartz in a plexus of gigantic crystals. The 
outcrops in this part of the field are less continuous than could be 
desired; but the facts clearly indicate that this remarkable b(xly of 
nearly pure crystalline quartz is not in any sense a vein or a i)egma- 
titic phase of the granite, but rather that it marks an extreme degree 
of metamorphism of a broad band of chert, the quartz being in the 
line of strike of such a chert horizon and seeming to grade longitudi- 
nally into it. Although an extreme, it is by no means an exceptional 
or unparalleled, phase of the metamorphism, except, perhaps, in the 
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magnitude of the resulting body of crjstalline quartz, for coarsely 
crystalline quartz, sometimes in stellate groups, is a constantly recur- 
ring feature of the garnet zones and ore bodies ; and it is probable that 
a detailed study of other chert bands in the vicinity of the granite 
would show that a gradation from the normal to the most highly meta- 
morphic forms of the chert is a general fact. Unfortunately, no 
economic interest attaches to the chert, and hence exploitation has 
added but little to our knowledge of its <K*currence. 

No corresjxmdingly coarse crystallization of the limestone on a 
large scale has been noted, although near the igneous contacts and in 
the garnet zones it is commonly distinctly sparr}*, with cleavage faces 
of calcite one to several inches across. The chief interest of the 
metamorphism of the limestone is found, of course, in the secondary 
minerals, among which the pale yellowish- or brownish-green lime- 
alumina garnet (grossularite) largely predominates in finely to coarsely 
cr)stalline massive aggregates. The form is d(Klecahedral, and the 
individual cr)'stals rarely exceed 2 inches, and are commonly less than 
\ inch, in diameter. Associated with the garnet, in some parts of the 
field, is more or less epidote in slender, green prisms, with possibly 
some vesuvianite and various forms of amphilx)le, including actinolite 
and tremolile, the latter being most abundant and often very intimately 
associated, with the ores. Quartz in coarse and irregular masses is 
usually, as previously noted, rather a prominent feature of the garnet 
ledge, which, because of the hard and resistant character of its com- 
ponent minerals, forms bold and rugged outcrops, made, in detail, more 
rugged by the solution of the included sparr)' calcite and the weather- 
ing out of the ores. The crystalline iron ores (magnetite, etc.) and 
the jasperoid forms of silica, often associated with the garnet zones of 
other districts, are practically wanting in Washington Camp. 

A rather s}x»cially interesting phase of the metamorphism of the 
limestone, though not as yet identified as a feature of the garnet 
ledge or the ore bodies, is massive lime silicate or wollastonite, occur- 
ring commonly as a reaction zone bordering layers and nodules of 
chert in those i^ortions of the cherty limestone nearest the granite, or 
within several hundred feet of the contact. The relations are ver}' 
clear, the chert masses, often with frayed and disintegrated margins, 
being separated from the enclosing crystalline limestone (white marble) 
by zones i to several inches broad of the white and massive wollaston- 
ite, which, like the chert, is left in high relief on the weathered surface 
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silica and alumina are given separately, are : SiOj, 8.514 per cent., and 
alumina, 1.077 P^r cent., the ratio being very nearly 8:1. 

Analyses of unaltered limestone are, of course, devoid of special 
significance in this connection, unless it can be shown that they rep- 
resent closely adjacent portions of the same beds which have locally 
suffered metamorphism by silication. Limestones more than most other 
kinds of sediment are, in successive beds, subject to marked and abrupt 
changes of chemical composition, due to fluctuations in the proportions 
of the normal (organic) and the accessory (organic, clastic, and chem- 
ical) constituents ; and gradations into beds of chert, shale, and even 
sandstone are not uncommon. 

In view of these considerations, further argument might almost be 
deemed sui)erfluous, at least as regards the adequacy of the limestone 
considered as a source of the raw materials of the contact minerals. 
But some of the arguments based upon the structural relations of the 
limestone are also peculiarly cogent. F^or instance, the garnet zone 
is, as previously noted, by no means a constant accompaniment of the 
granite-limestone contact ; and in strength and ixjrsistence it obviously 
varies inversely as the purity of the limestone, being very weak or 
wholly wanting where the purer beds of limestone, the typical white 
or light gray marbles, meet the granite. This selective relation is 
very noticeable across the ends, and especially the broad southern end, 
of the limestone island, where the granite contacts successive beds of 
limestone of varying composition, and fails to develop a garnet zone 
wherever the limestone is of notable purity. Besides the variable and 
intermittent character of the garnet zone along the contact, we must 
take cognizance of the very persistent garnet zones which, disregarding 
the granite contact, follow each a particular bed or horizon of impure 
limestone longitudinally through the district ; and of special interest 
and significance among these is the garnet zone at the base of the 
limestone, in the siliceous and argillaceous beds of passage between 
the basal quartzite and the limestone, and separated by the quartzite, 
100 to 200 feet thick, from the western granite. 

Among those who accept the metamorphic origin of the garnet 
zones of granite-limestone contacts. Professor Kemp is the foremost 
exponent of the view that the granite has contributed, not only the 
heat or thermal energy, but also in large part the material required for 
the formation of the garnet aiul related silicates. Apparently Professor 
Kemp would look to the granite or acid plutonic for everv^thing need- 
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zone, and there is absolutely nothing to suggest the leaching, depletion, 
or mineralization of either formation by, or at the expense of, the 
other. These statements are applicable alike to the mafn body of 
the granite and to the granite dikes. 

If the silica and alumina have been derived from the g^ranite, 
and the limestone has furnished only the lime, magnesia, and iron, the 
garnet zone should be a constant feature of the contact ; or, at least, 
there is no apparent reason why it should fail, as it does, just where 
silica and alumina are wanting in the limestone. Again, the meta- 
somatic theory affords absolutely no explanation of the essentially 
similar and equally strong garnet zones developed independently of 
the granite contacts in the limestone or between the limestone and the 
basal quartzite, for surely we cannot suppose that material in liquid or 
gaseous solution would pass through hundreds of feet of solid limestone 
or quartzite to react with the limestone of certain definite and narri)\v 
horizons. 

Professor Kemp has minimized the normal gn)und water of oceanic 
and meteoric origin, and maximized the magmatic water emanating 
from plutonic and intrusive magmas before and during refrigeration, 
as regards both volume and geological efficiency, and especially as 
regards their efficiency in the formation of veins and ore deposits. 
The only definite and positive indication that the magmatic water is 
abimdant is offered by the copious exhalations of steam accompanying 
volcanic eruptions. But the argument that this is all, (n* even chiefly, 
magmatic water is far from conclusive. Its deposits certainly do not 
indicate it. A distinguishing feature of magmatic water is supposed 
to be its heavy burden of dissolved elements, which, combined to form 
various mineral .sjxicies. must be left behind, on or in the la\'a, as the 
water escai:)es into the atmosphere. Except, |)erhaps, in, or in the 
immediate vicinity of, vents of long-continued solfataric activity, these 
deposits are usually conspicuous by their absence. The water promotes 
the, liquidity of the la\^, and thus, in a sense, holds in solution the 
entire body of the magma, and although diminishing with the pressure, 
like the ga.scs dissolved in molten metals, it manifests no marked 
tendency to escaix* in advance of the general refrigeration of the 
magma; and then, in general, it leaves behind no deposit other than 
the normal lava. 

The argument for the sufficiency of magmatic water requires us to 
assume that below the superficial, shallow, and wet zone of the vadose 
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The picture of a copious exudation of magmatic water whicl 
reenforced by various mineralizers and overladen with a large variet 
of elements, actively invades and alters the enclosing terranes by meta«- 
morphic and metasomatic processes is not easily visualized, in view (^ ^ 
the plain, every-day facts of the case In the vicinity of Boston, an< 
extending throughout eastern Massachusetts, the coastal district o: 
New England, and the Maritime Provinces, are miles on miles, literally-'^ 
hundreds of miles, of contact of granitic rocks, not to mention a vasC:^ 
network of acid and basic dikes, intrusive in Cambrian and other early^ 
Paleozoic sediments. These sediments exhibit various degrees and 
kinds of metamorphism ; but very seldom indeed do we find in them 
elements which may not fairly be regarded as original. Fluorite and 
other minerals regarded as specially indicative of the presence and 
agency of the so-called mineralizers are found chiefly in the igneous 
rocks, and have not migrated into the sediments. Apparently, heat is 
the one important contribution of the igneous rocks ; and the normal 
ground water, stimulated or energized by this heat and acting on the 
original elements of the sediments, has done the rest. Even quartz 
veins and segregations are but rare accompaniments of the plutonic 
contacts of this region, and where occurring may usually be proved to 
antedate (as in the case of the auriferous veins of Nova Scotia) or 
postdate the development of the contact. 

Especially difficult of visualization is the picture of the magmatic 
water gushing forth in so great volume that by the deposition of its 
excess load merely it may build a garnet zone lOO feet thick, equal 
to lOO cubic feet of garnet and the emission of many thousand cubic 
feet of watjr for every square foot of the contact. The magma must, 
indeed, be highly hydrated to meet such a demand, and yet it is now 
of strictly normal character up to the sharply defined contact. 

The development of the garnet zone, whether by metamorphic or 
by metasomatic process, must have been centripetal with reference to 
the limestone, at least if we are to look to the limestone for the lime, 
necessitating, according to the metasomatic theory, the transfer of the 
silica and alumina and other imported elements required for the inner 
part of the zone through the outer part. Also, the refrigeration or 
crystallization of the magma to form the granite must have proceeded 
ccntripetally, or away from the contact, thus opposing a barrier of 
steadily increasingly thickness to the emission of the magmatic water. 
In other words, the water liberated by the crj^stallization of the magma 
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instaiuv has it ap|xjarccl j>)ssiblc to correlate the ore bodies with 
antecedent fissures, which mij^ht, conceivably, have served as channels 
(it su|)ply from underlying granite. The demonstrated faults of the 
district are clearly newer than the ores; and the latter sometimes 
exhibit beautiful slickensides where traversed by shear planes and 
displacements. 

The main l)ody of the limestone, apart from the garnet zones and 
ore dei^osits, is apparently as barren of ore as the granite ; and accept- 
ing either of these formations as the source of the ore forces the con- 
clusion that the i)r()cesses of segregation and concentration have been 
singularly complete, although it is, of course, possible that refined 
analysis would prove the presence of zinc and copper where none arc 
apparent to the eye. The plain indications are that during the met;i- 
mor])hism of iinpure and presumably metalliferous beds of the limestone 
to form the garnet zones, the metallic sulphides contained in these beds, 
and i^ossibly in large volumes of the adjacent strata, were segregated 
by mctasomatic process aUmg the common boundary of the garnet zone 
and the limestone. 

As previously noted, Washington C^amp is undoubtedly an outlier, 
isolated by igneous intrusion and erosion, of the great series of Paleo- 
zoic limestones in which are found a very large pn)portion of the ore 
deposits of the Rocky Mountain region and the Pacific coast, as well 
as the widespread and rich zinc and lead deposits of the Mississippi 
Valley, the last mentioned district having been fn)m the beginning 
of Paleozoic time remarkably free from every phase of vulcanism, and 
having suffered as little deformation as any part of the continent. 

It appears difficult, in view of these considerations, to find any 
warrant for doubting that this great limestone series, or some part of 
it. is normally and originally metalliferous, or that, stimulated by intense 
and long-continued igneous and metamorphic agency (which was not 
required in the Mississippi Valley), the circulation of the normal ground 
water has proved equal to a more or less complete concentrati(m of the 
metallic contents of the limestone. 

Structural Det.\ils 

It is proposed to give here some local observations, which, although 
not conveniently included in the foregoing discussion, are of interest in 
their bearing upon the general theory of the district. 
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Although of a highly acid and, in the main, essentially normal character, 
it is in part, also, more or less pyritiferous, the pyrite occurring chiefly 
but not wholly in the seams. No other instance of mineralization of the 
granite has been obser\'ed. 

East Contact. — Toward the southern end of this contact is the 
chief occurrence of porphyry, which appears to be somewhat later than 
the granite and of rather more acid character ; but, so far as obser\'ed, 
docs not differ from the granite in its relation to the limestone and the 
ore bodies. The eastern garnet zone follows the contact somewhat con- 
tinuously across the San Antonio and Duquesne claims to the Bonanza 
claim, or> which is located the Westinghouse shaft, 650 feet deep. The 
shaft starts in the porphyry ; but all the lower part is in coarsely crys- 
talline white limestone, and the bottom is said to be 65 feet from the 
porphyry, proving that the contact overhangs the limestone a little. 
Farther north along this contact the garnet zone and ore bodies are 
wanting, and we pass abruptly from the granite or porphyry to the 
gray to white marble, which is uninterrupted for a breadth of 1,000 feet. 

North of Washington Post Office the contact is easily traced, and 
where it is crossed by the road for the last time it is well exposed in 
a cutting, showing normal granite against white crystalline limestone, 
with no signs of a garnet zone, although a prospect hole shows a thin 
line of ore, while a little farther north a line of prospect holes shows 
that the contact is there more heavily mineralized. 

Central Ore Zones, — These zones practically begin with the Pride 
of the West claim, in the latitude of Washington Post Office. This 
property, which produced a large amount of oxidized lead-silver ores 
above the water level twenty-five years ago, embraces two ore horizons 
10 to 20 feet thick, separated by 20 to 50 feet of limestone, and dip- 
ping west 33*^ beneath the eastern dike of granite, which forms the 
hanging wall of the western ore body, and is, in turn, overlain by a 
heavy bed of chert. The granite seems to conform with the bedding 
of the limestone, but the under surface of the granite or hanging 
wall of the ore is very plane, more or less coated with garnet, as a 
rule, and beautifully slickensided. This is evidently a fault plane 
which has apparently cut out the main part of the contact zone. 

In their southward extension to the next ridge these ore bodies 
leave the granite dike and are thrown eastward, with the great bed of 
chert, 500, and possibly nearly 1,000, feet by a transverse flexure or 
fault. Beyond this displacement they are continued, still on the east 
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waters rising along the fault ; that is, in jM^methin^; analogous to 
fumarole action. 

On the ridge which we have now reached, separating Double Stand- 
ard and Bonanza Gulches, a section from east to west across the ore 
zones shows : (i) the displaced extension of the ore zone first recognized 
on the Texas claim ; (2) a strong and typical garnet zone ; (3) the 
double ore zone (jf the Pride of the West, Smuggler, and Double 
Standard claims ; (4) the massive chert formation everywhere overlying^ 
the dual ore zone ; (5) an unmeasured thickness of crystalline, gray 
limestone; (6) the Holland ore zone, not previously recognized, with 
its garnet zone. All of these various horizons are recognizable again, 
south of Bonanza Gulch, in the Annie, Mary Jane, and other claims; 
and still farther south, on the Empire and Belmont claims^ the garnet 
zones, if not the ore zones, appearing to gain in strength as we approach 
the granite. 
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available to scientific men in all jjarts of the world. There is a strik- 
ing difference between this and the current usage in Russia, where 
formerly scientific results were made available to men of other nations 
by being published in French or German. But now the Russians pub- 
lish everything in their own language, and if it were not for a few 
foreigners who, being familiar with that difficult tongue, occasionally 
publish abstracts, generally in German, of Russian articles, the scientific 
activity of Russia would be entirely unknown to the outside world. 



Fooi> Preservatives* 

A PROMINENT feature in the active warfare waged so strongly in the 
last few years against the production and sale of adulterated foods has 
been the antagonism manifested toward certain food preservatives. One 
side of the question has been kept prominently before the public mind 
to the exclusion of the other. 

Reports of court trials, publications of state and municipal labora- 
tories, legislative bodies, through enactments, have dwelt upon the 
dangerous nature of these preservative chemicals and the public harm 
that would result from their use in food. 

Scientific authority, however, has not been quite so sweeping in its 
condemnation, and the impression left in the mind of a candid and 
thoughtful reader of the experimental evidence would be a contradict- 
ory and inconclusive one concerning the danger to be actually expected 
from artificial preservatives as practically used. 

In the present volume the subject is discussed from the standpoint 
of the manufacturer, and while the statements made and the evidence 
recorded are, as might perhaps be expected, chosen to defend a certain 
position, they cover a wide range of experience, and give evidence of 
diligent research into the literature of the question. 

The book is devoted mainly to the discussion of a typical preserva- 
tive — salicylic acid ; but descriptions of other important preservative 
chemicals are given, together with an enumeration of the classes of 
foods in which they are commonly used and methods for their 
detection. 



^ Food Preservatives : their Advantages and Proper Use. The Practice versus the 
Theoretical Side of the Pure Food Problem. By R. (J. Eccles, M.D., Phar.D. New York 
Van Nostrand. 1905. v -j- 202 pp. 
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of Western Australia. As might be exjx^cted, these publications deal 
largely with the geology and mineralog)' of the gold fields. The 
c ontents of the Bulletins are as follows : — 

Bulletin No. 6. *• Notes from the Departmental laboratory," by 
E. S. Simpson. 1902. Contains analyses of a numl)er of minerals 
and rocks. 

No. 7. ** Notes on the Auriferous Reefs of Cue and Day Dawn," 
by W. D. Campbell. 1903. Text and map. 

No. 8. ** Ixnnonville,, Mount Magnet, BcK)gardie, Murchison Gold 
Field," by C. G. Gibs<jn. 1903. Text and geological sketch map. 

No. 9. ** Geological Features and Mineral Resources of Northamp- 
ton," by A. G. Maitland. 1903. Text and geological map, with sections 
showing results of boring for copper and lead. 

No. II. ** Notes on the Country between Edjudina and Yunda- 
mindera, North Coolgardie Gold Field," by A. G. Maitland. 1903. 
Text with two maps. 

No. 12. ** Geological F'eatures and Mineral Resources of Mulline, 
Ularring, Mulwarrie, and Davyhurst, North Coolgardie Gold Field," 
by C. G. Gibson. 1904. Text with two maps. 

No. 13. ** Geology and Auriferous Deposits of Leonora, Mount 
Margaret Gold Field," by C. F. V. Jackson. 1904. Tfext with map 
and sheet of sections. 

No. 15. "Preliminary Report on the Geological Features and 
Mineral Resources of the Pilbara Gold Field," by A. G. Maitland. 
1904. One hundred and eighteen pages, twenty-five illustrations, eight 
maps. 



Bridge Construction ^ 

This is a type of book of which there should be more numerous 
examples. It is a collection of facts and figures, largely from the pages 
of the Enginceriiif^ Record^ regarding a large number of arch structures 
in all parts of the world, and is ver)' fully illustrated. The writer is 
well known through his connection with the Engineering Record and as 
a lecturer on engineering subjects. The object of the book, as stated 
by him, is to present the development of advanced practice, both as 

^ Types and Details of Hridge Construction. Part I, Arch Spans. By Frank W. 
Skinner. New York : McCrraw, 1904. 289 pp. 
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regards types of structure and details, to illustrate the classes of struc- 
tures adapted to different conditions, to show some of the characteristic 
differences between American and foreign designs, and to put on record 
in easily accessible form the principal data regarding important and well- 
known examples of each of these types of structures. The work is 
confined to facts regarding structures which have actually been built. 
It has very little mathematical or analytical discussion, and contains no 
description of projects made merely on paper but not executed. Both 
good and bad methods of construction are shown, together with some 
that are curiosities, and some which haye been superseded on account 
of improved methods of design or manufacture. 

The work is divided into four parts, treating respectively of wood 
and iron arches, spandrel braced arches, arch trusses, and plate girder 
arches ; and under these heads most of the important structures in 
the world are referred to in considerable detail. 

Altogether the work is a valuable contribution to engineering 
literature, and we hope that it may be followed by others of the 
same character treating of other types of structures. Information of 
this kind is generally scattered through the pages of engineering 
periodicals, where it is apt to be buried and forgotten, as well as 
inaccessible to many. To collect and arrange these details in a well- 
illustrated book is a labor worthy of much commendation. 

(;. F. S. 



Cement and Concrete* 

The past year has produced a number of important and noteworthy 
works on the subject of cement and concrete. The rapid development 
of concrete construction, and especially its applicability, when reenforced 
by steel, to strux:tures of the most varied types, makes this material 
appear one which offers great possibilities for the future. During the 
past few years numerous tests have been made upon its various prop- 
erties, and studies carried on regarding its constitution ; and our knowl- 
edge regarding these matters has been very greatly increased. One 
of the very best of the works which has appeared regarding this 
subject is the one by Mr. Sabin, who, during his connection with the 



K'ement and Comrete. By LA)uis Carlton Sabin. New York: McGraw, 1905- 
507 pp. 
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Engineering Department of the United States Army, has made man^' 
researches and tests regarding cement and concrete, and who is well 
known as an expert on the subject and as a member of the committer 
of the American Society of Civil Engineers on tests of cement. Ir^ 
this work he has gathered together and classified about all the infor"- 
mation which any one could desire with reference to the subject. 
Part I treats of the classification and manufacture of cement ; Part 11, 
of the properties of cement and methods of testing; Part III, of the 
proportions and properties of mortar and concrete ; and Part IV, of 
the use of mortar and concrete. 

The work is admirably arranged, and is accompanied by a very laige 
number of tables giving comparative results of tests and experience. 
Of these tables there are no fewer than i6i. There are also valuable 
tables of costs, which will be found very useful to the contracting or 
constructing engineer. The results of the most recent investigations, 
both in America and abroad, regarding the properties of concrete and 
the mechanical and chemical theories regarding its composition, are fully 
discussed and the results made very clear. The testing of cement, and 
the interpretation of the results, the character of the sand and stone, 
the effect of foreign substances, of exposure to frost, and many other 
matters, are considered in detail, but with admirable conciseness and 
clearness. The methods of placing concrete, the types of reenforced 
concrete structures, the strength of reenforced concrete beams, and 
various miscellaneous uses of this material are also treated, always con- 
cisely and logically. It seems invidious to criticise in any way so 
thoroughly excellent a work, but we think its value would te increased 
if the illustrations were more numerous. 

Altogether the work may be recommended without qualification to 
the student and to the engineer. It is accompanied by a useful index. 

G. F. S. 



Steel Sections ^ 



This is a valuable little book of reference for structural engineers, 
giving tables of data more extended in certain directions than those 
given in the usual handbooks of information. Twenty-nine tables are 
given, with values of moments of inertia and radii of gj'ration for 

'Properties of Steel Sections. By John C. Sample. New York: McGraw. 121 pp. 



\g>^ Hook Rcincivs 

Dr. Waddeirs suggested courses in engineering would seem to be 
laid out in such a way as to cover every possible subject which would 
be brought to the attention of the engineer during his entire lifetime. 
Such a. course would be impossible on account of lack of time, and would 
not in any case be advisable. The principal object of an engineering 
course should be to give the student the power to think and to act, so 
that if perchance in his practice he encounters a subject he has not 
studied he will be able to take it up and master it to an extent suffi- 
cient for his purposes. Dr. Waddell's own career, as exemplified in the 
interesting biographical notes prefixed to the volume, is a good example 
of this very point. His own engineering training did not begin to cover 
the subjects which he suggests, yet he has not lacked the power to mas- 
ter the problems which have been presented to him, and his success has 
been all that could be desired. Many of the things which the student 
learns in school are entirely forgotten, but the power which is acquired 
remains. Dr. Waddell attaches too much importance to information 
and too little to training. The course of study which he proposes, more- 
over, is ill-balanced and too diffuse, and the subjects do not come in 
proper order. Some of his suggestions, too, will make the experienced 
teacher smile ; as, for instance, that he should glance over every new 
book connected with his work, and if it prove to be good should read it 
carefully and include the gist of it in his lectures, or compel his students 
to read it; also his suggestion that a technical school should launch out 
even ahead of technical literature, and obtain directly from practicing 
engineers the ver)' latest information for its students; also that the 
vacation period should be reduced to one month ; and sundry remarks 
with reference to our present American schools which show a lack of 
information regarding many of them. In many respects, however, his 
suggestions are \'aluable and well worth studying, and many of his ideas, 
if put into effect, would prove verj' salutary'. 

At the present time some of his remarks with reference to the 
Japanese arc particularly interesting, as, for instance : "By much prac- 
tice, . . . and systematizing of methods, one can so train the mind as 
to gras}> readily mathematical reasoning, see at a glance mathematical 
deductions, and |Mirform readily very difficult mental feats. In this 
respect the Japanese far excel Europeans and Americans. The amount 
of work that a Japanese science student gets through in a day would 
appall most of the men in an American university. Moreover, they do 
it just as thoroughly as their American brethren, and without spendinic 
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upon it any more time.*' This is the testimony of others who, like 
Professor Waddell, have taught in Japan. 

The two short papers on railroad drainage and notes on railroading 
contain many practical points of interest and value. The principal 
portion of the book, however, is taken up by papers regarding structural 
subjects, including specifications for highway bridges, a description of 
the Halsted Street lift-bridge and of the Kansas City flow line bridge 
repairs, a paper on specifications in general, another on foundations of 
important buildings in the city of Mexico, and Professor Waddell's two 
principal papers before the American Society of Civil Engineers, on 
** Disputed Points in Railroad Bridge Design," and on ** Elevated Rail- 
roads," with the accompanying discussions. These papers contain a 
large amount of valuable information, and it is interesting to compare 
the opinions of eminent engineers with reference to the points di.scussed. 

Altogether the book is highly creditable to its editor as well as to 
the author, and it should be remarked that the editor's own comments, 
following many of the papers, are not the least interesting portion of 
the volume. The typography and general character of the book are 
excellent ; and if the range of subjects treated is somewhat wide, it 
is, on the other hand, well worth while to have brought together and 
preserved in one volume the various papers here collected. . 

(j. t . S. 
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Annual Report of the Executive Committee 

During the past year the Society of Arts has held meetings as provided by the 
by-laws, the first having been on October 13, 1904. These meetings have been well 
attended, thus providing evidence of the position of the Society as a factor in the dis- 
semination of scientific information to the public The average attendance was one 
hundred and twenty-five. 

The following papers have been read : — 

'* Geology as an Experimental Science/* by Professor Thomas A. Jaggar, Jr. 

**A Practical Color System Based upon Photometric Measurements," by Mr. Albert 
H. Munsell. 

"Sanitary Plumbing and Our Plumbing Laws, with Suggestions for Their Revision 
and Simplification," by Mr. J. Pickering Putnam. 

" On Manila and the Philippines as They Are Today,*' by Mr. Desmond FitzGerald, C. E. 

"Mont Pelee and the Eruptions of 1902; the Growth of the Wonderful Spine,** by 
Mr. Edmund Otis Hovey. 

** The Evolution and Improvement of Domestic Plants,** by Dr. H. J. Webber. 

** The Orientation of Buildings ; or the Planning of Buildings and Streets with Regard 
to Light,** by Mr. William Atkinson. 

**The Hookworm Disease: a New and Important Parasitic Disease of Man,** by 
Dr. Charles Wardell Stiles. 

"Purification of Public Water Supplies in the Middle West,*' by Erastus G. 
Smith, Ph.D. 

** Wireless Telegraphy,** by Mr. John Stone Stone. 

** The Abolition of Grade Crossings in Chicago by Track Elevation,'* by Mr. Charles 
B. Breed. 

" The Physiography and Geography of Hawaii," by Professor George H. Barton. 

" Storage Batteries,** by Mr. Philip W. Davis. 

** The Work of the Massachusetts Railroad Commission," by Mr. James F. Jackson. 

Of the foregoing several were of special scientific importance, and awakened much 
interest, notably those by Messrs. Munsell, Putnam, Webber, Stiles, and Smith ; and the 
papers by the two first named gentlemen have appeared in an expanded form in the 
Technology Quarterly. 

The membership in the Society has remained practically constant, numbering three 
hundred and sixty-two. 

The Technology Quarterly, under the editorship of Dr. Bigelow, has appeared 
at the regular intervals, and has contained the usual abstract of the Proceedings of the 
Society of Arts, together with such of the papers read before the Society as had been 
prepared in manuscript. 

Various departments of the Institute have contributed, however, a number of impor- 
tant papers. Professor W. O. Crosby and Mr. G. F. Loughlin have begun a " Descriptive 
Catalogue of the Building Stones of Boston and Vicinity," considered in their geological 
and economic relations, with references to buildings in which they have been used. Pro- 
fessor Noyes has contributed a second part of his " System of Qualitative Analysis," and 
his address read before the International Congress of Arts and Sciences on the ** Physical 
Properties of Aqueous Salt Solutions in Relation to the Ionic Theory." Other contribu- 
tions from the Chemical Department have been an article by Professor Gill and Mr. Foster 
on " White Lead and Its Protecting Properties,** one by Professor W. H. Walker and 
Mr. Bourne on the " Hydrolytic Enzyme Contained in Castor-Oil Seeds," and four con- 
tributions from the Laboratory of Sanitary Chemistry. From the Sewage Experiment 
Station, Mr. Phelps has contributed a paper on the " Interpretation of a Sewage Analysis," 
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and Mr. S. DeM. Gage, of the Experiment Station in Lawrence, has published in the 
Quarterly the results of his studies on the " Bacteriolysis of Peptones and Nitrates/' 
The activity of the Mining Departjnent is shown by three valuable papers on metallurgical 
subjects by Professor Hofman and his students. 

The Book Reviews have become a permanent and valuable feature of the Quarterly. 
During the year fifteen books have been reviewed in the Quarterly, chiefly by members 
of the Institute. 

Respectfully submitted, 

(Signed) George W. Blodgett, Chairman, 
Edmund H. Hewins. 
Charles T. Main. 
James P. Munroe. 
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THE ORIENTATION OF BUILDINGS AND OF STREETS 

IN RELA TION TO SUNLIGHT 

By WILLIAM ATKINSON, F.B.S.A. 
(Read January 2B, 1906) 

"The Orientation of Buildings and of Streets in Relation to 
Sunlight" is a subject that I have been led to investigate in connec- 
tion with the study of hospital architecture, but the results are equally 
applicable to the construction of all buildings occupied for residential 
purposes. If sunlight is essential for the recovery of the sick, is it 
not a still more powerful agent in the prevention of disease? 

Unquestionably the first requisite for a hospital is abundance of 
sunlight. Not only the exterior wall surfaces of the buildings, but also 
the ground surfaces between and around them should have the direct 
rays of the sun for as long a time as possible each day. 

" Second only to air is light and sunshine essential for growth and 
health ; and it is one of Nature's most powerful assistants in enabling 
the body to throw off those conditions which we call disease. Not 
only daylight, but sunlight ; indeed, fresh air must be sun-warmed, sun- 
penetrated air. The sunshine of a December day has been recently 
shown to kill the spores of the anthrax bacillus." (Galton, " Healthy 
Hospitals.") 

Wall surfaces, especially brick walls, absorb a large amount of 
moisture during rains. This moisture is quickly dried out by expo- 
sure to sunlight, but is retained for a long time in walls which are 
not exposed to the sun, and creates an unhealthy condition ; for damp- 
ness, with lack of sunlight, is a combination favorable to the growth of 
low forms of vegetable life, and should be avoided in hospital buildings. 
To secure sunlight in the fullest measure requires that the general 
plan of the buildings shall be carefully studied with this end in view. 

In the study of existing hospitals I have found the greatest diver- 
gence in the orientation of the buildings. It therefore seemed to me 
advisable to make an investigation of this subject, and several years ago 
I obtained from the Harvard Observatory a table showing the position 
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8 feet high, 3J feet wide, and thickness of i foot in the *aU. Nowliir 
■nultiplying the area of any one of these figures by the /ength of- thitt 
during which the sun is shining through the aperture of that shiqie^^we 



Fig. I.— Shadow Cuhvks of a Cubk 

Tllis diagram U conslructed from the preceding. The numerals indicate the number of bout* 

duting which each area is in shadow ; 1. 1., the areai marked 1 aie in •badow from . 

one to two hours: those maiked i £rom two to three houn. and so a^. 
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Fig. 4. — WiNiww Aspects 

Giving the aspect of window openings as presented to the sun, for windows facing in >'ariou8 

directions. Size of opening, 3" 6" wide, 8' o" high, 1' o" thick. The numerals below each 

figure give the area of the cross-section in square feet. The numerals following the 

word "quantity" give the amount of sunlight, in sun-hours, passing through the 

aperture during the day. The letters in the left-hand column indicate the 

direction in which the window faces. The Roman numerals at the 

bottom give the hour of the day for which each figure is drawn. 

latitude of Boston, Mass. Time : March and September. 

shall obtain what I call the ** quantity *' of sunlight expressed in "sun- 
hours," the sun-hour being the amount of sunlight received by a surface 
I foot square exposed to the sun for one hour. Th's diagram (Figure 5) 
illustrates the illumination of the floor through the window, and if the 
floor of that room were covered with a carpet dyed in aniline colors we 
should find at the end of the day the unshaded portion somewhat faded, 
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because that represents the area of the floor which has received sunlight 
during the day. The diagram is drawn for the four typical seasons of 
the year. The south window it^ one of extremes ; in winter it transmits 
a great amount of sunlight, but in summer, owing to the great altitude 
of the sun, this small patch of floor is all that receives sunlight during 



Bepreienting thi: floui arta of an apartment 24' o" wide and 32' o" long, lighted by three 

windows on each side, facing iinrlhwesi and souiheasi, respectively. Siie Of windows 

as in the preceding diagram. The letters indicate the area illuminaled by each 

vrindoB-, l.atiiude of Hoston, Mass. Time ; March and September. 
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Now this may seem very strange doctrine to Americans, but it 
is well for us to ponder it. The English are very jealous of the 
rights of the individual owner in these matters. One reason for this 
may be the custom of having long leases in England. Now in this 
country when a man has an office down town he very seldom takes a 
long lease of it. If his neighbor puts up a tall building across the 
way and shuts off his light, he rents another office somewhere else, 
generally in a new sky scraper, where his light will probably not be 
interfered with for several years, at least. 

As in the forest those trees flourish best which overtop their 
neighbors, so in our American cities the sky scraper enjoys an advan- 
tage of light and air at the expense of the lower and more ancient 
buildings. 

We will now proceed to investigate the distribution of sunlight in 
streets running in various directions and of different sections. 

The next three slides (Figures 7, 8, and 9) illustrate the distribu- 
tion of sunlight in streets running north and south, east and west, and 
southeast and northeast, respectively, for the four typical periods of the 
year, and for streets in which the height of the buildings is in various 
proportions to the width of the street. 

The amount of sunlight in the street is represented by means of 
curves, and the method of obtaining these curves I shall describe later 
on. Each curve represents a series of points in the cross section of 
the street, each of which is in sunlight a given number of hours. The 
curve is a convenient way of representing the amount of sunlight. It 
enables us to present in a single diagram a result combined from a great 
number of separate diagrams. 

Now in the first place we can sec that the street running east and 
west is the very worst of all in winter. Notice the direction of the 
sun's rays at noon. They penetrate a verj^ small distance down into 
the street. In summer, when the , sun is more nearly overhead, the 
street gets a great deal more sunlight. It is a street of extremes, cold 
in winter, hot in summer. The diagonal street is very much better off. 
The north and south street receives in winter the greatest amount of 
sunlight ; at othc times of the year the diagonal street is pretty nearly 
equal to it. I wish you to observe that in a system of streets running 
at right angles to each other the best method is to lay out on the diag- 
onals southeast-northwest and southwest-northeast. In most American 
cities the streets are laid out north and south, east and west. I suppose 
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Fig. 7. — Street Illumination 



Juoe 31. • 



Representing the cross-section of a street running north and south. In the left-hand column the 

height of the buildings is equal to the width of the street ; in the central column one and 

one-half times the width of the street ; and in the right-hand column twice the 

width of the street. Latitude of Boston, Mass. 
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Ftc. 8. — Street Illuuination 

Representing the cross-section of a street running east and west, looking n 
the buildings beam ihe same relation to the width of the street 
preceding diagram. Latitude of Boston, Mass. 
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Fig. 9. — Street Illumination 



epresenting the cross-section of a street running southeast and northwest, looking northwest, 
or of a street running northeast and southwest, looking southwest. The height of 
the buildings bears the same relation to the width of the street as in the two 
preceding diagrams. Latitude of Boston, Mass. 
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this is because the engineer first runs his meridian, and then plans the 
streets to follow it. Unfortunately, the principal streets of our Back 
Bay nm pretty nearly east and west ; the cross streets north and south. 
The method of obtaining the light cur\-es I will explain by the next 
slide (Figure lo). This is a cross section of a street. Here is the 
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Fig. 10. — Strebt Illumination 

Illustrating the method of obtaining the light curves of the three pre- 
ceding diagrams. Street running southeast and northwest, 
•looking northwest. Latitude of Boston, Mass. 

Time: June 21. 

direction of the sun's rays at nine a.m. ; here, eight hours later, at 
five P.M. This point (at the intersection) comes into sunlight at nine 
o'clock and into shadow at five o'clock. In other words, it has been in 
sunlight for eight hours. If we connect a series of such points we 
shall have our curve, in this case the eight-hour curve. 

Where the buildings are high in proportion to the width of the 
street the light at noon comes only a short distai\ce down from the 
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Representing the shadows which would be cast in December by >. buildinR 300 feet bigh, 

erected on the Rite of the Iloltl Krislol, Itiwton, Mass. Scale of draw^n^ 

about 833 feet to an inch. 

great many wonderful things in the construction of tall buildings. 
Ways have been de\i.scd for preventing corrosion of the steel in these 
buildings, for making them safe against fire ; and even if the fire 
engines cannot throw their streams to such a great height there can 
l>e standpipcs to make them perfectly safe. If the buildings are large 
enough to have two staircases they can be planned in such, a way that 
if they take fire there is a good chance for every one to escape 
before they burn up. All difficulties have been overcome except one — 
the American engineer has not yu-t invented a way of making these 
buildings trans|)arent, and I do not believe he ever will. 

The next slide is a \iew of the Trcmont Building. Not a sky 



222 William Atkinson 

above 80 feet ; where it passes through a block the owner on the 
business side of the line can go up 45 feet higher than his neighbor 
on the other side. This, of course, produces dissatisfaction in the mind 
of the owner who is on the wrong side of that line. The commission 
have recommended that the limit of 80 feet is too low, and that it 
should be raised to 100 feet in some parts of the residential districts. 
1 hat will make the disparity of conditions less. 

I believe it to be entirely practicable to make an amendment to that 
law which will eliminate to a large extent the dissatisfaction. It is possi- 
ble to frame a law which will shade down that limit of height imf>ercepti- 
bly from 125 feet in business districts to icx) feet in residential districts. 
Several ways have been suggested of doing this, and doubtless they will 
be brought to the attention of the legislature this winter. Uncertainty 
in building laws produces bad conditions in business, and it is to be 
hoped that this winter the legislature may arrive at some plan which 
will eliminate all special legislation, which caji be made permanent and 
satisfactory to every one. We have been trying for some years, grop- 
ing in the dark, as it were, to solve this question, and the results have 
not been particularly fortunate. The Copley Square law gave a great 
deal of dissatisfaction — 100 feet on one side and 90 feet on the other, 
with no very good reason for it. There is another law which empowers 
the Park Commission to restrict to 70 feet on the parkways, and yet 
there is no place where a tall building looks so well as upon the 
borders of a park. It is to be hoped that both of these laws may be 
rejxialed this winter, and some uniform law be made to take their 
place.^ 

We can learn something in this matter, I think, from the bill which 
has been introduced into the legislature on the petition of Professor 
Sedgwick. That proposes for the state a maximum limit of 100 feet, 
and a further limitation for the facade of buildings of one and one- 
fourth times the width of the street upon which they are built. (See 
Appendix A.) 

This diagram (Figure 12) contrasts the existing law in Massachu- 
setts with the proposed law. It represents in cross section a street 
60 feet wide running north and south. The direction of the sun's 
rays is shown at the moment whdn they first reach the surface of 
the street and again when they leave the surface, at the period of the 
equinoxes. 



1 See Appendix B for legislation of 1905. 
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The proposed law provides in effect that no portion of the building, 
excepting chimneys and other similar constructions, shall be built be- 
yond a sloping line, drawn from the opposite side of the street and 
rising at an angle of ij to i (about 52°). 

In its general form we believe this law to be correct. I think every 
one will admit that the height of a building should bear some reason- 
able relation to the width of the street upon which it is placed. It 
also should be recognized that it is the upper part of the front wall of 
the building which is most effective in cutting off the sunlight from the 
street. 

The working of this law would naturally result in the adoption of 
the sloping roof, or in the stepping back of the building in this way, or 
in some cases of the whole, building being set back from the street line. 
The sloping roof has not been used very much in Boston, inasmuch 
as the present building laws do not allpw an elevation of more than 
20° in pitch. The views which follow will illustrate some of the sloping 
roofs in different cities in Europe and how beautiful they can be made 
architecturally. Here is a hotel in Paris. The next is a street in Mar- 
seilles, which illustrates very well the sloping roof and the comparatively 
reasonable height of the buildings, which in this case I should judge was 
about one and one-fourth times the width of the street. It also illus- 
trates another point, the broad sidewalks which they enjoy in those 
European cities. Few things are more wearing to the nerves than to 
hurry through our narrow Boston sidewalks after a train, pushing along 
through the crowd. It is really a serious matter, and- in Boston we 
suffer more. from narrow sidewalks than from narrow streets. New 
York is very much better off in this respect. 

The next view shows a building in Lyons. It illustrates the step- 
ping back of which I spoke ; and the next view, which is the last, shows 
us the sloping roofs of Vienna. 

In Boston we have suffered from narrow streets and narrow side- 
walks, but these errors are mistakes of the past. It should be the work 
of the present, profiting by experience, to build buildings and plan 
streets so that they shall not shut out the fresh air and the sunlight 
from the Boston of the next generation. 
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Appendix B 

Commission on Height ok Buildings in the City of Boston 



[Order of July 21, 1905] 



The Undersigned having been appointed on May 25, 1905, by the Mayor of the Cm^ 
of Boston under the provisions of chapter 383 of the Acts of 1905, members of a commi 
sion to determine, in accordance with the provisions of said act, the height of buildin] 
within the district designated by the Commission on Height of Buildings in the City 
Boston as District B, in accordance with chapter 333 of the Acts of 1904, and havin 
given notice and public hearings, hereby determine and order that in any of the Dbtricts 
as designated by said Commission on Height of Buildings, in its order of July 5, 1904, 
amended by its order of December 3, 1904, the said orders being recorded with Suffol 
Deeds, Book 2976, page 45, and Book 3008, page 129, respectively, buildings may 

erected on streets exceeding sixty-four (64) feet in width, to a height equal to one and one 

quarter times the width of the street upon which the building stands ; and, if situated or^ 
more than one street, the widest street is to be taken, the height to be measured from th< 
mean grade of the cnrbs of all the streets upon which Che building is situated, and not: 
exceeding one hundred (100) feet, in any event 

If the street is of uneven width, its width will be considered as the average uidth. 
opposite the building to be erected. 

The width of a street shall be held to include the width of any space on the same side- 
of the street upon which a building stands, upon or within which space no building can be 
lawfully erected by virtue of any building line established by the Board of Street Commis- 
sioners or the Board of Park Commissioners acting under general or special laws. 

All streets or portions of streets upon which buildings may be erected on one side only 
shall be considered as of a width of eighty (80) feet as to that portion upon which buildings 
may l>e erected on one side only. 

In the case of irregular or triangular open spaces formed by the intersection of streets, 
the width of the street shall be taken as the wi4th of the widest street entering said space 
at the point of entrance. 

No building shall, however, be erected on a parkway, boulevard or public way on 
which a building line has been established by either of said Boards acting under general 
or special laws to a height greater than that allowed by said general or special laws, nor 
other^-ise in violation of section 3 of said chapter 383, Acts of 1905. 

No building shall be erected to a height greater than eighty (80) feet unless its width 
on each and every public street upon which it stands will be at least one-half its height. 

Nothing in this order shall be construed as affecting any condition, or restriction 
imposed by deed, agreement or by operation of law on any property in said Districts B. 

The said Commissioners further provide that buildings may be erected to a height 
not exceeding one hundred and twenty-five (125) feet in that portion of the District B as 
established by the Commission on Height of Buildings in its order dated December 3, 1904, 
recorded with Suffolk Deeds, Book 3008. page 129, which lies fifty (50) feet westerly from 
the boundary line running from Columbus Avenue to the centre of Boylston Street, sepa- 
rating said District B from District A, as established by said order; provided^ kowei'^r^ that 
said portion of District B is owned by the same person or persons who own the adjoining 
premises in District A. 
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In Witness Whereof, the undersigned, being a majority of said commission, the 
lird member (Nathan Matthews) being in Europe, hereto set their hands, this twenty-first 
ay of July, 1905. 

Commission on 



JOSEPH A. CONRY, 
HENRY PARKMAN, 



► Height of Buildings in 
the City of Boston. 



Boston, July 21, 1905. 
Then personally appeared the above-named Joseph A. Conry and Henry Parkman 
nd acknowledged the foregoing instrument to be their free act and deed. 

Before me, 

JOHN S. ADAMS, 

Justice of the Peace. 
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Contribution from the Department of Food and Drug 
Inspection of the Massachusetts State 

Board of Health 

THE DETECTION AND DETERMINATION OF ETHYL 
AND METHYL ALCOHOLS IN MIXTURES BY THE 
IMMERSION REFRA CTOME TER ^ 

Hy albert E. leach and HERMANN C. LYTHGOE 

The use of wood alcohol in various preparations which come within 
the domain of the public analyst for examination is apparently on the 
increase. It is especially to be looked for as an adulterant in medicinal 
preparations, liniments, tinctures, and in all varieties of flavoring and 
other extracts high in alcohol. In Massachusetts we have found methyl 
alcohol in various pharmaceutical preparations, such as tincture of icKline, 
and in lemon and orange extracts. 

Existing methods for the detection of wood alcohol, with one or two 
exceptions, are extremely unsatisf actor)-. Most of the older methods, 
such, for example, as the potassium permanganate test, depend upon 
the presence of acetone in the methyl alcohol. With the improved 
refining processes used at the present day, wood alcohol is readily ob- 
tainable free from more than traces of acetone, so that it is impossible 
to det* ct it from ethyl alcohol by its odor. Crude wood alcohol with 
acetone present in marked degree is frequently capable of being indi- 
cated even in mixture with ethyl alcohol by the sense of smell. It is 
the refined or deodorized methyl alcohol, sold under a variety of trade 
names, such as Columbian Spirits, Hastings Spirits, Colonial Spirits, 
purified wood alcohol, etc., that one finds as an adulterant of tinctures, 
extracts, and beverages. 

The most practical methcKl hitherto used for the detection of methyl 
alcohol is that of Mulliken and Scudder,^ which depends on the oxida- 



^ Read at the thirty-second general meeting of the American Chemical Society, in 
Buffalo, New York, June 23. n>05. Printed also in the Journal of the American Chemical 
Society. 

'^American Chemical Journal, if>oo, XXIV, p. 444. 



2^2 Albert E, Le(uh and Hermann C, Lythgoe 

From the peculiar shajje of both alcohol curves, rising gradually 
to a maximum and then falling, no confusion should be caused by the 
fact that in some cases one scale reading may correspond to two 
different percentages of strength of the same alcohol. 

The detection of wood alcohol by this method is comparatively 
simple, and consists in submitting to refraction with the immersion 
refractometer the distillate which one makes for the determination of 
ethyl alcohol in the regular manner in alcoholic beverages, essences, 
tinctures, extracts, or whatever may be the nature of the substances to 
be examined. If the refraction of the liquid shows the percentage 
of alcohol agreeing with that obtained from the specific gra\aty in the 
regular manner, it may safely be assumed that no methyl alcohol is 
present. If, however, there is an appreciable amount of methyl alco- 
hol, the low refractometer reading will at once indicate the fact. If 
the absence in the solution of other refractive substances than water 
and the alcohols is assured, this qualitative test by difference in 
refraction is conclusive ; but if there is doubt, a confirmatory test by 
the Mulliken and Scudder method ' should be made. 

Thus not only can methyl alcohol readily be detected, but the 
amount may approximately, and in some cases very accurately, be 
determined. Addition of methyl to ethyl alcohol decreases the refrac- 
tion in direct proportion to the amount present. Hence the quantita- 
tive calculation may readily be made by interpolation in Table II, 
which foHows, using the figures for pure ethyl and mathyl alcohol of 
the same alcoholic strength as the sample. The degree of accuracy 
of this calculation varies with the strength of alcohol. For instance, 
\vith an alcoholic strength of lo i^er cent, there is less exactness than 
at 50 per cent, strength, where i per cent, or even less can readily be 
determined. From this jxnnt on the delicacy of the process naturally 
increases, until at go per cent, strength o. i per cent, of methyl alcohol, 
may be determined with accuracy. 

Table II shows the refraction on the immersion refractometer 
corresponding to each percentage of alcohol, both ethyl and methyl, 
by weight, all readings being taken at exactly 20° C. . This table 
will show at a glance whether a solution of given strength of alcohol, 
as determined from the specific gravity, contains ethyl or methyl 
alcohol or is a mixture of the two. 



^ Loc. cit. supra. 
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the method of calculation. For determination of total alcohol from 
the specific gravity, Hehner's alcohol tables were used. 

(i) A lemon extract, found by the polariscope to contain 4.9 per 
cent, of lemon oil by volume and 90.20 per cent, of alcohol by volume 
at 15°, was freed from lemon oil by diluting four times with water, 
treating with magnesia in the regular manner, and filtering. A meas- 
ured portion of the filtrate was then distilled, and the distillate made 
up to the measured portion taken. This distillate was found to have 
a sjDecific gravity of 0.9736, corresponding to 18.38 per cent, alcohol 
by weight,* and to have a refraction of 35.8 on the Zeiss immersion 
refractometer. 

By interpolation in Table II the readings of ethyl and methyl 
alcohol corresponding to 18.38 per cent, alcohol are 47.2 and 25.4, 
respectively, the diflference being 21.8. 47.2 — 35.8 = 1 1.4. (i 1.4 -:- 
21.8) 100= 52.3. In this case 52.3 per cent, of the alcohol present 
was methyl. 

(2) An orange extract was found with 1.5 per cent, of orange oil 
and 83.2 per cent, of alcohol by volume at 1 5° C. Specific gravity of the 
] -strength distillate, freed from oil as in the case of the lemon extract, 
was 0.9754, corresponding to 16.92 per cent, alcohol by weight 
Refraction of the distillate at 20° C. was 42.0. Readings of ethyl 
and methyl alcohol of 16.9 strength are, according to Table II, 44.3 
and 24.5, respectively. Difference, 19.8. 44.3 — 42 = 2.3. (2.3 -r- 

• 

19.8) 100= 1.2. Thus 1.2 per cent, of the alcohol present was methyl. 

(3) 6.3 c.c. of tincture of iodine, after titration with N/io sodium 
thiosulphate (in the regular manner for determining its strength accord- 
ing to the United States Pharmacopoeia), was neutralized with N/io 
sodium hydroxide, and distilled, collecting 25.2 c.c. of the distillate, 
corresponding to a dilution of i : 4 of the sample. The distillate con- 
tained 20.92 per cent, alcohol by weight; refraction 27.5 at 20*^ C, 
indicating 99.0 per cent, of the alcohol to be methyl. Thefe is no 
doubt that the alcohol in this case was entirely methyl, the slightly 
high refraction of the distillate being due to the presence of a slight 
amount of volatile substance formed by decomposition of the tincture 
of iodine. 



1 Our methyl-ethyl alcohol tables being most conveniently worked out on the weight 
per cent, basis, the per cent, by weight rather than by volume of the dilute distillate is here 
taken. Percentage of total alcohol in the extract, as well as of lemon oil, we commonly 
express by volume. In this case the specific gravity, 0.9736, corresponds to 22.55 P^^ ^t,Ti\.. 
alcohol by volume. The per cent, by volume of total adcohol in the extract, 90.20 at 
15** C, is found by multiplying 22.55 by 4 to correct for the dilution. 
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The accuracy of the method is shown in a general way by a series 
of experiments, the results of which are tabulated as follows : — 



TABLE III — Readings of Experimental Mixtures ok Methyl ani> Ethyl 

Alcohols 



Sp. gT. 150 C. 



0.8190 
0.8190 
0.9*239 
0.8190 
0.9326 
0.9M:f 
0.9207 
0.9753 
0.9666 



Percent. 

alcohol by 

weight. 



91.36 
91.38 
47.41 
91.36 
43.43 
26.64 
48.86 
17.00 
23.92 



Scale readiiur, 

aopc. 



33.9 
64.9 
61.9 
76.3 
62.4 
37.2 
77-'» 
34.0 
60.2 



Mrthvl Alcohol. 



As prepared, 
per cent. 



68.52 
46.68 
36ii6 
22.84 
21.7a 
19.23 
12.21 
8J>0 
6.98 



As found, 
per cent. 



47.41 
35.42 
23.76 
21 .3« 
19.76 
11.77 
8.92 
6.48 



Ethvl Alcohol. 



As prepared, 
per cent. 



22.81 
46.68 
11.86 
68.82 
21.71 

6.41 
36.66 

8.50 
17.94 



As found, 
per cent. 



21.48 
44.96 
11.99 
67.61 
22.06 

6.88 
37.00 

8.08 
17.44 
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CONTRIBLTION FROM THK DhPARTMENT OF FoOI) AXI> DrLM? 
InsPK( TION OF TIIK MASSACHUSETTS StATE 

Hoard of Health 

CHEMICAL ANALYSES OF A FEW VARIETIES OF 

ROASTED COFFEE 

Hy HERMANN C. I.VTIIGOE 

At the last meeting of the Association of Official Agricultural 
Chemists the writer submitted methods for the analysis of tea and 
coffee, which were accei)ted as provisional and printed in Circular 20, 
Bureau of Chemistr)*, United States Department of Agriculture. It 
was decided to make analyses of coffee by these methods, and samples 
of unground roasted coffee were obtained from three Boston wholesale 
coffee dealers, who guaranteed the samples to be of the variety named. 
Samples of Java, Mr)cha, Santos, Rio, and Porto Rico were obtained 
from each dealer. These samples, together with some coffee adulter- 
ants and adulterated coffee, were analyzed by the methods submitted, 
and the analyses are reix)rted in the table. 

It is unnecessary to give all the methods, but a few of the more 
important ones are as follows: — 

ii. Alkalinity of the Ash 

Weigh 10 grams of the coffee in a platinum dish and bum to an 
ash in a muffle; boil the ash with 100 c.c. of water for ten minutes; 
filter, and wash with water until free from alkali. To the filtrate add 
from a burette an excess of tenth normal hydrochloric acid, boil to 
expel the carbonic acid, and detennine the excess of acid by titrating 
with tenth normal alkali, using phenol phthalein as an indicator ; express 
results as cubic centimeters of tenth normal acid required to neutralize 
the ash of i gram of coffee and also i gram of coffee ash. 
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chut>r> ^ivcs an oxtrnot with a specific gra\ity of 1.02821. h 
Hires ot intTiv aiul vhioin- the approximate peicenta^ of dinTi 
!v i\iK ul.ittii bv the tolI«>winjj formula: — 

,, . , . (1.62821 — 5p.gr.) 100 

0.01835 

I'ho iiuli'x i»t ictr.u'ii«»n «>t the abo\'e solution may be taken vtt ft' 
/i'lNH iininci>iiM\ ivtr.u'tomoior or Mith the Abbe refractometcr. 



-jm. 



A 10 jvr vvnt. ioffiv extract n^ 20^ = 1.3377." 
A 10 jKT ivnt. ^hia^rj- extract iTd 20*^ ^ 1-344^- 

DotiTnuiuitioiis oi the s^^liiK ash. sugar, nitrc^gen, etc/ma^teflk 
i»n iho iv^ |vi ivnl cxtnul it desirvtl. 

('.;//*.. .\.:?i.\\f.trt:s. i\»tTix* is adulterated by the adnuittoR,* 
iH\asii>nal1\ b\ the ^ul»;iiiiiion. of nKisted wheat, peas, beans, peitA 
Imc.uI, ii.ukoiN. i-l\iv«M\. m\k\ other swvct nx>ts. The chemical incAA 
ot an.il\si> .lie i^t um.' l.n.uely to supplement the microscopical eflflii 
lion .mil to aiiive .it .ippro\inuteIy quantitati\'e results. The Mbal 
.ill* the piituip.tl ihi'MUvat eon slants characteristic of the adultennts:- 

Ko.ixtvil eeHMl>, ]eL;i:nK's. ete. : low alkalinity of ash, fiber, pdi^ 
leiinwihei e\!r.iv t. .11 ui nitii\^en : high reducing sugars, starch, ani 
i^hosphates. 

Ro.isieil sweet t<»»»is : low tat and fiber: high sand, chlorine, cdi 
water extr.ut, sp. :;r. ot 10 jvr cent, extract, and \*ery high redudng 

l.e.:;uininoiis luilU : low st.uvh and fat ; high fiber. 
The \. ui.it ion in the eheniieal a>m(x)sition. of different coffees is 
>.» sli-ht, th.it it is ini|H^ssihle to pick out any particular variety by 
.1 V liemie.il ex.unination. From the analyses reported, it seems as if 
ilie Moih.i eoiTees weie eharaeterized bv a low refraction of the fat 
.iiui h\ hii;h ledueini; sui;ars, while the Rio coffees appear to differ 
tViMn the otheis in having the soluble phosphates much greater than 
:ho insohihle ph*vsphates. hut as yet there have not been sufficient 
anah sv*s maile to elaini these dififcimeci •• conclusive. 

Thanks aix: due to Arthur D- S»** ^^ "^^ ^ *® ^'^^e^/ibe! 
and e.irlx^hvdrate detenninationfc 
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A REVISION OF THE COCCACE^^ 

By C.-E. a. WINSLOW and ANNE F. ROGERS 

The classification of the bacteria presents peculiar difficulties, foi 
several reasons. Morphological distinctions are so slight that physi 
logical characters must necessarily be invoked in order to separa 
and classify the various organisms, and these physiological characte 
arc often variable. Pathogenicity may "be taken as a type of those 
powers of the organism which are easily and pn)foundly modified by 
external conditions. On the other hand, there are numerous charac- 
ters which appear to be extremely constant. Such minute diflFerences 
as occur in the resistance of different races to unfavorable conditions 
often remain unchanged through long periods of cultivation. In using 
these constant characters for classification we are met by another 
difficulty. Though constant, the differences are very minute, and in 
studying a number of organisms a |>erfect gradation is often found 
between the widest extremes. This is exactly what should be ex- 
pected from organisms which reproduce only by asexual methods, 
since it is the fusion of indej^endent cells which swamps minor differ- 
ences, producing the uniformity of species among higher plants. With 
asexual reproduction every minute variation which is inheritable must 
persist unchanged until some other chance variation occurs. Each 
such variation means a new and different type of bacterium. 

The immense number of generations which may succeed each other 
in a short space of time makes boundary lines as shifting as they 
would become among the higher plants if a dozen geological epochs 
were considered all at once. 

Since, with unicellular organisms, acquired characters may probably 
be inherited in a higher degree than with other forms, existing races 
of bacteria will be markedly influenced by the selective effect of en- 
vifonmental conditions, and must bear the impress of their recent 

tory. 




^fkaltaunary communication. From the Biological Laboratories of the Massachusetts 
ol Technology. Reprinted from Science N. S., April 28. 1905, XXI, No. 539. 
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genera, based in each case on a more or less constant association ^:==3l 
several independent characteristics. The old genera Merispomed^^ <^ 
and Staphylococcus are merely synonyms of Cohn's Micrococcus^ an ^ 
Ascococcus antedates Lcuconostoc, Fischer's characterization of Pedu 
coccHSy by regular division into two sections at right angles to eaci 
other, rests upon a variable and thoroughly artificial character, an< 
probably includes some species of Micrococcus and some imperfectl; 
studied species of Sarcifuz. 

With regard to the genera Planosarcina and Planococcus^ foundet 
upon the single characteristic of the possession of flagella, there may^*^ 
be more uncertainty. The slow revolution and steady translatioi^ 

obser\'ed by Ali-Cohen and Migula as associated with flagella is cer 

tainly a phenomenon distinct from the irregular vibratory and rotarj — 
movements noted by other observers, but the resemblance betweem- 
motile and non-motile forms is so close in all other characters that: 
we cannot consider this single property to be of generic importance. 

The five genera above mentioned have been discussed first because 
their characteristics are already somewhat familiar, but in logical order 
the larger subdivisions should have been previously considered. 

The family Coccaceae, although defined only by the spherical form 
of the individual, is a thoroughly satisfactory natural group, its members 
being also marked off in certain physiological characters from indi- 
viduals of other groups. The family appears to be divisible into two 
subfamilies. The first, for which we suggest the name Paracoccaceae 
(paratrophic cocci), includes Diplococcns and Streptococcus^ parasitic 
forms which do not develop abundant growth on artificial media and 
which thrive better under anaerobic than under aerobic conditions, 
and appear in small cell aggregates of pairs or chains. The second 
subfamily, the Metacoccaceae (metatrophic cocci), includes Micrococcus^ 
Sarcina, and Ascococcus^ saprophytic or semi-saprophytic types, which 
are aerobic and form abundant surface growths of large cell groups. 

The species of the Coccaceae are considerably more obscure. We 
have reviewed the descriptions of 445 supposedly distinct species given 
by Cohn, Migula, Flugge, Chester, Sternberg, Lehmann and Neumann, 
Engler and Prantl, Rabcnhorst, Frankland, and Woodhead, and find 
a wonderful amount of duplication. Our observations have convinced 
us that minute differences in morphology, as, for example, the dis- 
tinction between large and small cells or long and short chains, are 
not sufficiently constant for the erection of species. Again, sli^t 
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Family CoccACEiK 
Vegetative cells spherical 

Subfamily i. PARACoccACEiE (AV«/ Subfamily) 

Parasites (thriving only, or best, on, or in, the animal body). Thriv 
well under anaerobic conditions. Many forms fail to grow on artificia.1 
media; none produce abundant surface growths. Planes of fissiorm 
generally parallel, producing pairs, or short or long chains. 

Genus i. Diplococcns (Weichselbaum) 

Strict parasites. Not growing or growing very poorly on artificial- 
media. Cells normally in pairs surrounded by a capsule. 

Under Diplococcns are three species, D, pneumonia Weich., D^ 
Wcichsilbatimii Trev., and D, gonorrhoea: Neisser, distinguished b)' 
the tissue of the host affected, and by the peculiar morphology- and 
staining reactions of the latter species. 

Genus 2. Streptococcus (Billroth). 

Parasites (see above). Cells normally in short or long chains (under 
unfavorable cultural conditions, sometimes in pairs and small groups, 
never in large groups of packets). On agar streak effused translucent 
growth, often with isolated colonies. In stab culture, little surface 
growth. Sugars fermented with formation of acid. 

Under Streptococcus we find the vast majority of organisms indis- 
tinguishable from 5. erysipelatos P'ehleisen. Two varieties may per- 
haps be recognized, var. involutus Kurth, and var. tenuis (new variety), 
which fails to coagulate milk. Representatives of another species, 
5. enteritidis Escherich, which liquefies gelatin, are occasionally found. 

Subfamily 2. METACoccACEiE (New Subfamily) 

Facultative parasites or saprophytes. Thrive best under aerobic 
conditions. Grow well on artificial media, producing abundant surface 
growths. Planes of fission often at right angles ; cells aggregated in 
groups, packets, or zooglcea masses. 

Cienus 3. Micrococcus (Hallier) Cohn. 

Facultative parasites or saprophytes. Cells in plates or irregular 
masses (never in long chains or packets). Acid production variable. 

Under this genus thirteen species may be distinguished by the 
three properties of liquefaction, acid production, and chromogenesis, 
their characters being indicated in tabular form below. 
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Synonymy will be discussed in our full communication later ; but we 
have strictly followed the rules of priority as recognized in other fields 
of systematic biology. 

In reviewing our genera a serial arrangement is at once apiDarent. 
DiplococcHS is strictly parasitic and commonly produces only aggre- 
gates of two cells. StrcptococcuSy also normally parasitic, thrives better, 
though still not luxuriantly, on artificial media, and its typical growth 
form is a chain. Micrococcus includes both jxithogenic and non-patho- 
genie forms, but all grow abundantly on gelatin and agar in rather large 
irregular cell aggregates, while some pnxluce acid and some alkalies in 
milk. Sarcina shows further development in the same direction, its 
growth form being larger and produced by three planes of division, 
its saprophytic habit being more marked (no truly pathogenic forms 
known to exist), with the power of acid production generally wanting. 
Ascococciis, in spite of its slight acid production and chain formation, 
appears on the whole to form the extreme of this series, since its entirely 
saprophytic existence and large vegetative growth forms are far removed 
from the pathogenic micrococci. The genera above defined seem to 
mark the important transition stages, beginning with such strict para- 
sites as D. Weickselbaumiiy and ranging through the intermediate forms 
of streptococci, micrococci, and sarcinae to the saprophytic Ascococcus 
mestnteroides at another extreme. We believe that these genera have 
true phylogenetic significance, and represent real groups of organisms 
having natural affinities. 
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may be obtained, but how the inhabitants of the cities shall be provided 
with milk which is sweet, clean, free from questionable substances, and 
low in bacteria. Normal milk when drawn under aseptic conditions 
from the udder of a healthy cow may contain a few bacteria, or it may 
be entirely sterile. Ordinary milk, on the other hand, is almost certain 
to contain large numbers of bacteria of widely varying t)T)es. Of these, 
some may be classed as harmless or relatively inactive, but the number 
thus behaving in a food substance like milk is comparatively small. 
The second class is the group of organisms derived largely from the 
hay of the stable or getting in from the air or from dust, and these are 
organisms which may not be disease-producing in the specific sense, 
but are undesirable in milk used for food for children, because they 
bring about more or less rapid fermentation with products which may 
or may not be harmful. Most important, however, are the organisms 
which may be classed as the acid-producing and the putrefactive bac- 
teria, and which are very abundant in carelessly drawn milk. These, 
although apparently gaining entrance from the skin and hair of the cow 
and from other external sources, are really derived very largely from the 
intestinal tract, and drop into the pail in large numbers during the proc- 
ess of milking, unless special care is taken to keep the body of the cow 
in a clean condition. These are the organisms which bring about a rapid 
fermentation of the sugar of milk to lactic acid, and which, acting on 
the albuminoids, ultimately produce ** rotten" milk. Because of the 
secondary changes which take place upon the proteid we may have 
developed in the milk chemical substances, products of putrefactive 
decomposition, which are unwholesome and may give rise to severe 
intestinal disorders. 

It is also possible that there may be specific pathogenic organisms 
occurring in milk, as is well shown by the large number of epidemic 
outbreaks which have been due directly to infected milk. Swithinbank 
and Newman have pointed out that up to 1901 there have been no less 
than 330 such epidemics which have been traced to milk, and there 
are unquestionably many more where the responsibility has not been 
fixed. Of these, 195 were epidemics of typhoid fever, ninety-nine of 
scarlet fever, and thirty-six of diphtheria. 

In view of what has already been said, it is easy to see what might 
be the sources of these organisms. The organisms of the first three 
groups may come from the air, from the food of the cattle, from the 
body of the cow, from the clothing and hands of the milker, or from 
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in the stable, in the milkhouse, and everywhere wherever the milk is 
handled. Careful, intelligent supervision is what is necessary in order 
to provide clean milk, and this is the goal toward which the work of 
the sanitarian should be directed. (See "Clean Milk," by Dr. Belcher.) 

The second method of producing milk low in bacteria is by pasteur- 
ization. Pasteurization consists essentially in the heating of the milk 
to such a temperature that a very large percentage of the organisms in 
it are destroyed. Pasteurization differs from sterilization in that the 
heat applied may be very much less, and consequently the change 
brought about, especially in the proteid, may be very much less marked ; 
and, in the second place, because in pasteurized milk there are still some 
germs left alive, while in sterilization all living things are destroyed. 
When experiments are carried out on a small scale — what we may call 
theoretical pasteurization — a surprisingly high efficiency is often obtained 
when we consider the number of bacteria destroyed. When, however, 
pasteurization is carried out practically, as is done by the use of large 
pasteurizing machines, the percentage of bacteria destroyed is generally 
not quite as high. In theoretical pasteurization the milk is heated for 
a period of fifteen or more minutes at a temperature of 157** F. to 
1 70° F. Pasteurization, as practiced commercially y consists generally in 
the heating of milk to a temperature of 160° F. to 165° F., and for 
a period varying from three-fourths of a minute to one and one-half to 
two minutes. If pasteurization is carried on below 165° F., very slight 
chemical change is brought about in the components of the milk. Above 
165° the milk is slightly changed, so that the fat globules do not rise 
as readily and the milk does not show as well-marked a ** cream line." 
The process of pasteurization has been developed until at the present 
time it is conducted on a very extensive scale, for it seems to be the 
easiest available present means of reducing bacteria to the number 
normal for pure milk. Probably about one-fifth of the milk sold in 
Boston has been treated in this way. 

It is the purpose of this article to show the comparative efficiency of 
some commercial pasteurizers at present employed. Of these machines 
there are two or three types, all, however, similar in one respect, 
namely, that the milk comes in contact with a cylinder heated by 
steam, and is quickly raised to the pasteurizing temperature, 155° to 
165° F. Some of these machines will pasteurize as much as 6,000 
pounds per hour. When these machines are run under the most favor- 
able conditions, there should be a reduction of from 97 to 99 per cent. 
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of the number of bacteria. This, however, is not always obtained in 
practice, because the conditions are not always maintained for the 
highest efficiency. The results, so far as the destruction of bacteria 
is concerned, are dependent upon two factors — temperature and time. 
Given the same time and the same temperature, practically the same 
bactericidal efficiency should be obtained with all the machines, re- 
gardless of their type. In the tables which follow, the results which 
have been obtained in the practical examination of commercial pasteur- 
izers are given, and here it will be seen that the efficiency varies in 
general as the temperature, the higher the temperature the greater the 

« 

percentage of bacteria destroyed. 



TABLE I 



Effect of Varying Temperature and Media 
Machine No. i 





Date. 


Pasteurizing 
temperature. 

Degrees F. 


Temperature 
after 


Raw Milk. 
Nlmbbr Of 

PRR 


Avbrac;b 
f Bacteria 
c.c. 


Pasteurized Milk. 

Avkrac.r Number op 

Bactrria per c.c. 




pasteurizing. 


Lactose agar. 


Agar. 


lactose agar. 
61,000 


Agar. 


1 


February 13 


156 


55-^ 


313.500 


605.000 


87,650 


3 


February 13 


136 


56° 


323,200 


343,800 


50.000 


37,300 


3 


February 13 


158 






262,500 


345,000 


36,000 


24.250 


4 


February 25 


125 






130,000 


260,000 


2,670.000 


2,900,000 


5 


February 25 


155 


4£ 


P 


• • 


1,450,000 


170,000 


202,500 


6 


March 9 


146 






2,230,000 


1,850,000 


41,:300 


22,000 


7 


March 12 


14&-160 






190.000 


245,000 


8,250 


9,000 


8 


March 12 


155 






275,000 


000,000 


3,950 


4,850 


9 


March 26 


125 






2,470,000 


1.010,000 


1,025,000 


568,000 


10 


March 26 


140 






2,610,000 


1,060,000 


120,000 


80,000 


11 


March 26 


152 






2,360,000 


740,000 


55,000 


65,000 


12 


April 16 


132 






200,000 


290,000 


66,000 


40,000 


13 


April 16 


136-145 






• • 


• • 


45,000 


21^000 


• 


• • 


Mixed 






• « 


• • 


» • 


• • 


14 


April 16 


145 






• • 


• • 


25,500 


12,600 


15 


May 6 


158 






1,430,000 


1,500,000 


75,000 


41, (NX) 


16 


May 6 


152 






. • 


• • 


70,000 


51,000 


17 


May 6 


152 






• • 


• • 


57,500 


38.000 


18 


May 6 


154 






700,000 


1,010,000 


65,000 


50,000 


19 


May 6 


154 






• • 


. . 


60.000 


60,000 
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In this table the effect of pasteurization has been determined using 
two kinds of culture media. While these differ in the number of bac- 
teria actually developing, the efficiency of pasteurization is shown to be 
about the same with each. 



TABLE II 
Machine No. 3 











Raw Milk 


AVBKAGB 


Pastrunizrd Milk. 




Date. 


Pasteurizing 
temperature. 

Degrees F. 


, Temperature 
after 
pasteurising. 


NUMBBK OP RaCTKKIA 
PER C.C. 


Avkka(;r Ntmbek op 
Bactbkia PEK C.C. 








1 






February 18 






Lactose agar. 


Agar. 


Lactose agar. 


Agar. 


A 


WS 


1 
1 


220,000 


40,000 


69.000 


17,500 


B 


February 16 


102 


450 

1 


410,000 


136,000 


66,000 


16,000 


C 


February 18 


100 


45^ 


130,000 


46,000 


76,000 


9,000 


D 


February 18 


160 


46^ 


3,170,000 


1,266,000 


120,000 


86.000 


E 


February 27 


161 


' 43-44<' 


110,000 


166,000 


21,200 


21,100 


F 


February 27 


im 


46-48° 


180,000 


206.000 


9,800 


10,000 


G 


February 27 


152-157 


• • 


196,000 


liM.600 


18,900 


17,750 


H 


March 3 


168-162 


46° 


600.000 


8S>.000 


• • 


16,000 


1 


March 3 


167-162 


46° 


1.000,000 


370,000 


6,000 


10,850 


J 


March 12 


140 


• • 


• • 


• • 


86,000 


30.000 


K 


March 12 


160 


46° 


140.000 


60,000 


12,900 


11,600 


L 


March 31 


166 








180,000 


200.000 


63,000 


61,250 


M 


March 31 


160 








150.000 


140.000 


36,760 


37,880 


N 


March 31 


164 








75,000 


130,000 


31,260 


38,301 





April 18 


166 








• • 


80,000 


32,600 


18,660 


P 


April 18 


161 








• • 


• • • 


17,600 


14,300 


Q 


April 18 


161 








• • 


• • 


21,400 


19,800 


R 


April 18 


161 








60,000 


70,000 


16,950 


11,900 


S 

1 


.May 5 


162 


42° 


60.000 


100,000 


2.800 1,800 


T 


May 6 


160 


43^ 


60,000 


280,000 


2.160 


2,700 


U 


May 5 


164 


43° 


■ • 


• • 


2.100 


1,200 


V 


• • 


166 


46° 


• • 


• • 


8,800 

1 


1,600 



Here the same general result is reached as in Table I. 
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TABLE III — Efficiency of Commercial Pasteurization 
{Machines run under practically constant temperature) 

Machine No. i 

(Capacity (approximate) 5,000 pounds per hour) 



No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

18 

• • 

19 

90 

21 

22 

23 

24 

25 

2C 

27 

28 

20 

30 

31 

32 



Bacteria p«T c.c. in 
raw milk. 



2,255,000 
1,750,000 
1.010,000 
2,220,000 
1,440,000 
1,240,000 
9'JO,000 
630,000 
1,405,000 
1,410,000 
1.190,000 
1,375,000 
2,570,000 
2,590,000 
2,160,000 
2,440.000 
1,020.000 
1,980,000 

1,495,000 
1,030,000 
1.145.000 



Temperature of 
machine. 



Bacteria per c.c. in 
pasteurized milk. 



IGG.O 
104.0 
164.0 
163.0 
162.5 
1G3.0 



162.5 



162 JS 
163.5 
163.5 
163i» 
163.5 
163.5 
163.5 
163.5 

163 JS 

• • 

l&l.O 

Taken from the tank directly 

163.5 

164.0 

165.0 



790,000 From Unk directly 



990,000 


163.0 




605,000 


166.0 


■ 


800,000 


lG6i> 




560,000 


164.0 




475,000 


163.0 




415,000 


163.0 




460,000 


165.0 




Overgrown 


164.0 




600,000 


162.5 




310.000 


163.0 





7.400 
14,750 
12,000 
17,600 
17,600 
13.200 
15.300 
22,600 
10,000 

8,900 
19,500 
16,000 
14,660 
12.100 
20,800 

1,500 

■ 

3,200 

7,500 
5.400 
3,000 



Temperature of 
pasteurized milk. 



42.0 
43.0 
40.0 
40.0 
41.0 
40.0 
40 J» 
41.0 
41.5 
42.0 
39.0 
38 J( 
40.0 
40.0 
40iS 
Not recorded 

• 

40JS 
• • 
41.0 
42.0 
42.0 



7,350 


41.0 


2,400 


40.5 


15.000 


39.5 


12,900 


44.0 


15,300 


42.5 


13,500 


44.0 


12.300 


44.0 


23.000 


42.0 


i:;,4<)0 


45.0 


•.*»;.><iio 


42.0 



In this series an average percentage efficiency of 97. i jjer cent, was 
tained, i.e.y 97.1 per cent, of the bacteria were killed by exposure to 
temperature approximating 164° F. 
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TABLE IV — Efficiency' OF Commercial Pasteurization 
(Machine run under practically constant temperature) 

Machine No. 2 

(Capacity 0,000 pounds per hour) 



lestNtf. 


Bacteria in raw 
milk. 


Temperature of i Bacteria in 
machine. 1 pasteurized milk. 


Temperature oi 
pasteurized milk. 


1 


2.620,000 


164J( 28/SOO 


41.0 


2 


7,025.000 


163.0 


16.700 


41.5 


3 


2,100.000 


166.0 


Overgrown 


40.0 


4 


2.440.000 


165.0 


20,700 


41.0 


6 


1,620.000 


• • 


• • 


• • 


6 


1,980.000 

• 


164.0 


7.100 


41.0 


• • 


1 1 
Taken from the tank directly 


• • 


7 


1,496,000 


164.0 


19,200 


42.0 


8 


1,030,000 


164.0 


33.600 


43.0 


'9 


1,145,000 


165.0 


13.800 


43.0 


10 


790,000 From unk directly • . 

1 


• • 


11 


990,000 


163.0 


19,400 


43.0 


12 


695,000 


168.0 


• 18,000 


48.0 


13 


900.000 


165.0 


3.700 


43.0 


• • 


Tank sample 


■ • 


• • 


14 


345.000 


161.0 


7,800 


38.0 


15 


570.000 


165.0 


17.400 


41.0 


16 


830,000 


163.0 


24,700 


42.0 


17 


570,000 


166.0 


37.200 


42.0 


18 


490^000 


164.0 


47.500 


43.0 


19 


530.000 


165.0 


. 36,200 


42X) 


•20 


850.000 


164.0 


16,200 


42.0 


21 


380.000 


163.0 


29,400 


43.0 


22 


480.000 


165.0 


5,660 


• • 


23 


440,000 


167.0 


10.800 


4S.0 


24 


740,000 


16:{.0 


39^*00 


43.0 


25 


600,aK) 


167.0 


15.600 


44.0 


26 


850,000 


163.0 


23,000 


43.0 


27 


500,000 


164.0 


10.000 


44.0 


28 


Overgrown 


1G4.0 


17,700 


44.0 


29 


460,000 


163.0 


11,100 


42 JS 


3() 


985,000 


102.0 


11.000 


43.0 


31 


855.000 ! IGO.O 

1 


55,900 


42.0 


32 


410,000 


102.0 


29,600 


42.0 


33 


680,000 


16G.0 


35.200 


43J) 


34 


710.000 


160.0 


17,000 


42.0 



Average efficiency, 96. i per cent. 
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limit renders it possible for unscrupulous dealers to utilize filthy, half 
decomposed milk high in bacteria, and by this simple process destroy 
the bacteria so that the milk may be sold as clean milk conforming with 
the legal requirements. To what extent harmful products (toxins) have 
been developed in the milk previous to its pasteurization and left un- 
changed by this process is unknown, but it might well be that such 
poisonous bodies could be present in considerable amount. It seems 
to the writer that not only should the pasteurized milk be so labeled, 
but there should also be a law limiting the age, acidity, and number of 
bacteria in milk which is to be pasteurized and subsequently exposed 
to sale. 

While, therefore, the process of pasteurization may be very success- 
fully carried out from the sanitary and hygienic point of view, it should 
be regarded as a means to an end. It goes without question that the 
major portion of pasteurized milk now sold is better than ordinary raw 
milk, yet the fact should not be lost sight of that a pure, clean supply 
of natural milk is the most to be desired. 

Biological Laboratories, 
September, 1905. 
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improvement in the metal of projectiles, and to the use of caps. X^. 
the 12-inch gun has gained about 25 per cent, in penetrative po^/^y. 
since 1901. 

2. Advance in gunnery. 

3.. Development of the submarine boat and the torpedo. 

The Russo-Japanese War has brought out the fact that submarine 
attack both by mines and torpedoes has been far more frequently suc- 
cessful than anticipated, although it cannot be asserted that the effects 
of such attack have exceeded what might have been expected. 

Hence it has been argued that it is unreasonable to construct ships 
representing a capital of some eight million of dollars, which it takes 
several years to build and which carry a crew largely made up of trained 
experts, representing years of costly education, if such ships are quite 
frequently exposed to almost instantaneous destruction. 

Notably the armor appears to many of little value, since it is useless 
in case of submarine attack, and since it is unable to keep out the pro- 
jectiles of modem guns. Their conclusion is that it would be better to 
abandon or reduce the armor protection and build vessels of small or 
moderate displacement, since thereby the loss of the individual ship 
would be of less consequence, and the greater number of units would 
reduce the chances of loss for each ship. This idea was embodied 
in the principles of la jeune icole in France already in the eighties,^ 
and has recently been advocated by so eminent an authority as the 
late Vice-Admiral MakarofT.^ 

As shown in the following, such revolutionary policy of ship con- 
struction is likely to prove fatal to any power for whom command of the 
ocean is under certain contingencies of war a necessity. 

It is shown that for service on the ocean the largest class of battle- 
ship offers the best combination of military and nautical qualities, and 
that hence, for a given expenditure, the greatest fighting value is 
obtained with this type. Smaller ships of whatever class, necessarily 
deficient in some or all of the essential qualities, will be unable to 
drive the large ships from the sea. 

It is admitted that for coast work the large battleship is less suited 
now than formerly, although, as shown in this paper, its power to 
resist submarine attack may be greatly improved. It seems advisable 



^ Gabriel Charmes, La Reforme de la Marine. 

^ Paper fead by Vice-Admiral Maikaroff before the Naval Society of Kronisiadt; March, 
1903, Armored or Unarmored VtesseTs. 
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^* probable average conditions^' and not on exceptional contingencies. 
This principle is indeed likewise generally conformed to, consciously or 
unconsciously. The difficulty in applying it lies in determining what may 
be fairly considered average conditions ; but since a logical design seems 
imix)ssible without such basis, it is necessary to make an estimate of 
them, a point which has received careful consideration in the following. 
It may at first sight appear that principles and propositions are 
stated in this paper which are mere truisms, not worthy of statement 
and still less of proof or discussion. Consideration will show, however, 
that past history affords examples of the violation of even the most 
fundamental of such principles, and, moreover, that if we are to form 
a comprehensive conception of a problem. so intricate as the design of a 
battleship it is necessary that all arguments bearing on the solution 
should be stated and the proper weight assigned to them. 



I. Armament 

The armament is the raison ditre of the battleship, which may in a 
sense be regarded as a floating, movable platform for carrying the arma- 
ment, for transporting it to the place of action, and for bringing it into 
position. We must, therefore, first of all inquire into what the principal 
armament should be — guns or torpedoes ? 

Gun versus Torpedp. — The value of these weapons may be meas- 
ured as the product of two factors : the probable frequency of successful 
application and their effects on the attacked structure. Neither of these 
admits of exact evaluation, and our conclusion must, therefore, be based 
on general considerations. 

Bearing in mind that we deal here chiefly with fighting in the open 
sea and ships under way, it may be asserted that the frequency of hits 
with guns must far exceed that obtainable with torpedoes. This is due 
to the fact that an artillery fight can be carried on continuously for a 
great length of time and at considerable ranges; the torpedo can be 
used only intermittently and at short or moderate distances. Also the 
accuracy of the torpedo against a moving target falls far behind that of 
the gun. Recent progress in torpedoes has fully been matched by 
progress in the guns. In the Russo-Japanese War torpedoes 'have been 
used with great success against ships at anchor, but it has also been 
demonstrated that by proper precautions and vigilance it is possible to 
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of shell fire and shrapnel. Outside of torpedo ranges guns are still 
capable of inflicting fatal injury to any ship. 

Thus the buoyancy and stability even in the best .protected ships 
may be impaired by gunfire, and the vitals, although chiefly placed 
below water, are by no means out of reach of the guns. Since, how- 
ever, most hits take place well above the water line, the effects of a 
single projectile will rarely be so fatal as those of a torpedo ; but when 
we consider the aggregate effect of gunfire, the probability of fatal hits 
and the total sum of damage become great, on close ranges much 
greater than by torpedoes. 

Unprotected or poorly protected ships are, therefore, liable to com- 
plete and rapid destruction when exposed to the fire from heavily 
armored artillery ships ( Variag^ Ritfik), and there can be no doubt 
in this case of the superiority of the gun over the torpedo, since victory 
can be gained without much risk to the well-protected ships. Heavily 
armored ships are indeed able to stand a long-continued artillery fight, 
but even on ranges where the torpedo is inapplicable the best protected 
ships are exposed to ultimate disablement (Cesarewitchy August lO, 
1904), and also within torpedo range gunfire will still maintain a 
decided superiority. 

It might be objected that in spite of this superionty of the gun it 
might still be possible, on the principle of la jtune &oley to construct 
fast and small torpedo vessels, capable of fightings the large battleships 
successfully. Protection should not be sought in armar> but in small- 
ness, high speed, great number, and in short duratioa of attack, if 
possible, carried out by surprise. 

The soundness of this idea so far as coast war is concerned has been 
proved in the Russo-Japanese War, where torpedo boats and destroyers 
have shown their usefulness ; but for continuous service on the ocean 
at great distance from the base, such small and fragile craft are unsuited. 
Larger vessels of 2,000 to 3,000 tons displacement are here required, but 
with such great size the advantages due to smallness and great number- 
are lost, and the vulnerability makes the type inapplicable to the work 
here required (S/iak and Huascar), 

Armored torpedo ships (jPolyphemHs)^ if of sufficient «peed, steam- 
ing radius, and protection, would need to be very large. - •. 

Some see in the submarine torpedo boat the type that should leai 
us to abandon the large ships. As submarine boats are now, and as 
they are Hkely to be for some time/ they seem, however, unfit for 
anything but harbor and coast work. 
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much more extensive protection by armor of medium thickness (6-inch 
and 7-inch) than was the case only some ten years ago, so that now no 
part of any importance is left lightly protected. 

Hence shell fire by common and high explosive shell from rapid- 
firing guris is incapable of inflicting serious damage to recent battle- 
ships, and even armor-piercing shot and shell must be of more than 
medium caliber in order to do any work of importance on such ships. 
None of the existing rapid-firing, hand-worked guns seems strong enough 
for this work, for although the 7-inch and 7.5-inch guns may perforate 
the secondary armor even at ordinary fighting ranges at sea, they wU 
not do so generally or with a sufficient excess of energy. 

Hence it is advi.sable to go to greater calibers and therefore to 
mechanically worked guns, and once we take this step and pass to the 
turret installation we may as well choose a gun of considerably superior 
power, since the rate of fire will not thereby be materially le.ssened. 

At the present time no gun seems better adapted to fulfill the 
functions of the secondary gun than the Vickers 9.2-inch gun, which 
seems to combine in the highest degree rapid firing with high penetra- 
tive power — five rounds in one and one-half minutes under service con- 
ditions, i i-inch K. C. steel,^ direct impact 3,000 yards. It is, however, 
quite likely that a few years hence we shall find the lo-inch or even a 
larger gun more suitable. 

Other important arguments in favor of going up to a rather large 
caliber are found in the relation between caliber and protection, to be 
discussed hereafter, and in the fact that the efficacy of the cap increases 
with the caliber. 

To carry a battery of smaller caliber, such as 6-inch, besides these 
** semi-heavy *' guns appears irrational; they will not be able to do any 
serious work on battleships at ordinary fighting ranges, and they will, 
as shown hereafter, in point of protection be a source of weakness. 

The same reasons which have led us to mount the heavy guns in 
twin turrets . must hold with equal force with machinery-worked, semi- 
heavy guns. The only weighty objection to the twin installation in 
this case seems to be the reduced rate of fire. If a fully satisfactory 
twin installation for guns of this or similar size .can be designed, where 
the rate of fire per gun approaches that of the present single turret 
installation for 9.2-inch guns, it must be preferable. 



^ K. C. stands for Krupp cemented. 
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spending reduction in the purely military elements, or else by a con- 
• siderable increase in size (length), by which the greater speed can often 
be obtained with but a moderate addition to the horse power. Such 
increase in size, leaving the military elements unaltered, would, how- 
ever, virtually amount to a reduction in these latter, since for a given 
expenditure the number of ships would have to be reduced. 

Thus there would in any case be a reduction in fighting strength, 
and the increase in speed would be unable to compensate for this loss. 
Speed is in itself a fictitious quality ; it acquires value only through the 
implied mobility of the batter)'. Hence increased importance oi the bat- 
tery justifies increase in speed, but it is irrational to increase speed at 
the expense of armament. An advance in speed beyond that usually 
adopted should, therefore, follow only after an improvement in arma- 
ment and protection has necessitated an increase in displacement, and 
even then only in a conservative measure and with due regard to the 
naval policy of the country. 

Steaming Radius. — The battleships of all great naval powers may 
be called upon to operate all over the globe, and in choosing the steam- 
ing radius the distance between possible coaling ports has to be consid- 
ered. A nominal radius of 8,000 miles at about ten knots, which 
probably corresponds to an actual radius of about 5,ooQ miles, may 
. be considered generally sufficient. 



3. Nautical Qualities, Principal Dimensions, and Size 

Conditions on the ocean are the same for all ships, large and small ; 
the state of wind, weather, and sea, which so largely influences the 
behavior of ships and the sen'ice and life on board, enters, so to speak, 
as a constant factor in the design. If, therefore, the ship is to be 
serviceable as a f^un platform for a battery of given character and size, 
she must possess certain nautical qualities, which to a great extent will 
be determinative of the form and size of the ship. 

Similarly the speed, if it is to be attained economically and without 
interference with the service of the guns and the ship, must exert an 
important influence on the desi<;n. 

That a relation must also exist between steaming radius and size is 
obvious. 
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This principle cannot be stated in an exact, quantitative manner, but 
experience affords sufficient guidance for its application. 

A certain increase in weight of armament^ whether brought about 
by an increase in caliber or in number of guns, will necessitate a much 
greater increase in displacement, if all the other elements of the design — 
speed, steaming radius, protection, etc. — are to be preserved unaltered. 
By an ingenious method, devised by Mons. I. A. Normand, based on a 
partial differentiation of the weight equation, we are able to estimate 
this increase very approximately ; it is found in a battleship to be about 
three and three-tenths times the increase in weight of ordnance. Since, 
however, .the weight of armament is about 9 per cent, of the displace- 
ment, we find that the percentage of increase in displacement is barely 
one-third of the percentage of increase in weight of armament. This is 
strictly true only so long as similarity is preserved and only for moder- 
ate changes, but it affords sufficient ground for the general proposition 
that, quite apart from the question of behavior at sea, the larger ship 
is, other things equal, able to carry a relatively much greater weight 
of annament than the smaller. Increase in power of battery is an 
important tactical advantage, since it facilitates concentration of attack. 

f 

b. Sea Speed and Sise 

* 

By increasing speed, the pitching, rolling, and tremors to which a 
ship is subject in a seaway become more violent, the strains on the 
structure and the fatigue to the crew more severe, and the spray and 
solid water shipped are apt to increase ; but the larger the ship, the 
better will be the behavior. 

In a seaway the increase in resistance to propuUion is much greater 
for the smaller than for the larger ship ; and hence the important advan- 
tage for the latter, that in this class, under average service conditions, 
the sea speed bears a much greater proportion to the maximum trial 
speed than in the former. 

c. Speed and Length 

The size of the ship is also in another way intrinsically connected 
with the speed, namely, through the length, which more than the other 
principal dimensions influences the resistance. For economical propul- 
sion the length in the water line must exceed a certain figure, which in 
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should be made continuous from end to end. The freeboard would 
accordingly be some 17 to 18 feet, which corresponds well with the 
requirement that for a speed of eighteen knots the freeboard in the Ixw 
ought not to be less than 18 to 20 feet. 

P'rom what was said above, the length in the water line should, uith 
eighteen knots speed, be not less than 400 feet, but may, as far as 
speed is concerned, be made with advantage 450 feet, and perhaps 
even greater. 

4. Protection 

A warship is subject to submarine attack from mines, toq^edoes, and 
ramming, and is, like all other ships, exposed to the dangers of collision 
and grounding. Above the water and to some distance below the \\'ater 
line it is exposed to artillery attack. 

Protection against submarine attack is attained chiefly by water-tight 
subdivision, protection against artillery fire chiefly by armor; but in 
the region of the water line subdivision and armor concur with and 
supplement each other in the protection of buoyancy and stability. 

It is the object here only to state general principles, and on the 
basis of these to outline a logical .system of protection. 

A. WATER-TKIUT SUBDIVISION 

The principal object of water-tight subdivision is to limit the inflow 
of water in case of damage to the bottom. In a sea-going battleship the 
most imix>rtant effects of flooding are those affecting the stability, on 
which the efficiency and, ultimately, the safety of the ship largely 
depend. The buoyancy in this class of vessel has an ample resen^e for 
all contingencies and need not generally be considered. 

It is therefore nccessarj^ to secure a certain measure of stability in 
damaged condition, and hence, as a basis for the design of subdivision, 
we must make assumptions as to : — 

1 . The probable nature and extent of damage which we claim that 
a battleship shall be able to sustain without being put out of action. 

2. The loss in stability which we consider will still leave the ship 
in a fit condition for action. 

Judging from recent war experiences, it seems necessary to claim 
that a battleship should, under most conditions, be able to stand a single 
blow from a mine, toq:)edo, or ram without being put out of action. 
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As shown in the paper on water-tight subdivision, which I had the 
honor to read before the Society of Naval Architects and Marine Engi- 
neers last year, the loss in metacentric height will not in ships as now 
usually constructed exceed the projx)sed limit, nor will the change of 
trim need to exceed the limit in battleships as recently designed ; but 
the most important claim, that to a moderate heel, is far from being 
fulfilled, at least in ships where a centre line bulkhead is fitted. As 
shown in that paper, fl(xxiing of two side boiler rooms in such a ship 
is enough to produce a heel of more than 9°, practically putting the 
ship out of action ; and if, moreover, side bunkers and adjacent wing 
compartments are flooded, the ship will be brought to an extremely 
critical condition. The war in the East has taught us liow frequently 
ships may be exposed to mine and torpedo attack, and it is, therefore, 
absolutely necessar)' that something should be done to improve the 
design of battleships in this respect. 

First it is proposed to iticrease the metacentric height by an increase 
in beam. The metacentric height in recent battleships varies from 3] 
to 4^ feet, and may by an addition to the beam of some 3 or 4 feet be 
brought up to about 6 feet. Since it is undesirable to fall below the 
proposed limit for the period of oscillation, six and one-half seconds, 
the stiffness should not be increased beyond a certain point, but as the 
radius of gyration is also increased a metacentric height of 6 feet would 
for a large battleship probably not be t<x) great. 

Even with the greater stiffness thus obtained it is impossible to 
arrive at a satisfactory solution in ships with centre line bulkhead, for 
the heel which would be produced by the blow of one torpedo or mine 
might still far exceed the specified limit. Hence no centre line bulk- 
head should be fitted except where absolutely necessary, i. e,y in twin- 
screw ships only between engine rooms. 

In doing away with this feature the boiler arrangement now fre- 
quently adopted, where two rows of boilers have common fire rooms, 
would have to be abandoned in order to avoid excessive size of boiler 
rooms, and consequently there would generally be a loss in space. This 
loss is partly regained by omission of the centre line bulkhead, and, by 
arranging the boilers as shown on the adjoined sketch (Figure i), the 
space occupied by passages for communication between boiler rooms 
might be sax'ed. Moreover, by the use of oil for mixed combustion 
(spraying oil over the coal bed), a method used with success in the 
German and Italian navies, a saving in bunker space might be effected 
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Fig. 2. — Diagram Showing Distribution of Armor and Water-Tight 

Subdivision in a Sea-Going Battleship 



Lateral Bulkheads. — No obstructions are able to withstand the 
enormous pressures near the centre of explosion of a torpedo or mine ; 
they will, on the contrary, serve to transmit the energy either by con- 
ctissioHy as in case of transverse bulkheads and layers of coal, causing 
damage to internal structures, or by heavy fragments being detached 
and hurled into the hold, as is likely to happen with armor placed on 
or near the outer shell. The more freely the gases are allowed to 
expand inside the ship the less must be the external work done by 
the explosion on the structure. Strengthenings, armoring, or other 
obstRictions placed near the outer bottom as protection . against explo: 
sions appear, therefore, to constitute only a source of danger. If these 
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All wing passage spaces along the broadest part of the ship should 
be capable of serving as compensating tanks, and should be provided 
with powerful means for flooding and emptying. 

The great, danger from explosions occurring near magazines makes 
it very desirable to place the wing passage bulkhead at least 1 2 feet from 
the side along the magazines, and it is better not to stow any explosive 
matter outside this bulkhead. 

The damage by grounding assumed above would cause no heel but 
only a bodily sinkage, which, by flooding of three boiler rooms, would 
not need to exceed lo per cent, of the draught. 

B. PROTECTION BY ARMOR 

a. Relation between Annament and Armor 

It is the object of all strategical and tactical maneuvers to bring the 
greatest -possible force to bear at the point of contact with the enemy. 
Battle with a more powerful enemy is generally avoided, except where 
special circumstances justify or necessitate such course, and this con- 
tingency may, therefore, be considered an exception on which it would 
not be \vise to base the protection of any type of warship. On the 
other hand, in a fight with a ship carrying a lighter battery a warship 
ought to be at an advantage also in point of protection, since the 
stronger unit will otherwise be exposed to destruction by the weaker 
unit. 

We are, therefore, in good accordance with fundamental military 
principles if we base the protection on the assumption, that the antago- 
nist is a ship of equally powerful armament, /. e,^ the protection should 
match the guns carried by the ship itself. 

A vessel thus protected will always be at an advantage when 
matched against the over-gunned or over-protected ship of same size, 
since for a given weight of the military elements the over-gunned ship 
will not be adequately protected, the over-protected ship will not be 
adequately gunned. 

Since the penetrative power of guns and their general effect vary 
greatly with the range and other conditions under which fighting takes 
place, the claim that the protection shall match the guns must be 
referred to certain standard conditions. As stated above, we shall 
here choose as standard the probable average conditions^ to be defined 
hereafter. 
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c. General Distribution of Armor 

The protection can only be relative, i. e,y we cannot in an absolute 
manner protect the ship against gunfire even under average conditions. 
Some parts may be protected up to this point, but the armor cannot 
and ought not to be made equally thick everywhere, and other parts 
must, therefore, be left more or less exix)sed. It seems rational to make 
the armor protection proportional to the relative importance of the part 
to be protected, 

Ii is, however, difficult to gauge this relative importance ; the quan- 
tities to be compared are in several cases entirely incommensurable, and 
here again only general considerations can ser\'e for our guidance. 

A warship should not be regarded only as a conglomeration of 
mechanisms more or less independent of one another, but much more 
as an organic whole, a living organism, where the destruction of any 
member will act detrimentally, not only directly but also indirectly, on 
the strength and vitality of the whole. 

The protection should be conceived accordingly, not by considering 
each member separately, but by weighing its importance in relation to 
the warship as a whole. 

The creii} is virtually the most important vital of k ship ; in it is 
embodied the brain, nerve, and moral force of the ship considered as an 
organism, and its protection is, therefore, of primary importance. Now, 
the crew is scattered all over the ship ; where there are machinery, guns, 
or other appliances in function there must be men to work them, and 
hence the men receive the same protection as the part or appliance of 
the ship to which they belong and of which, in a certain sense, they 
form part, and, as stated above, the most essential part. 

Thus, speaking generally, since the more important persons are 
those that are working the more important parts, we shall, by properly 
distributing the armor on the inatMel, also therewith distribute it 
properly on the personnel. It must, however, be borne in mind that 
casualties exert a far stronger moral influence on the crew than does 
the destruction of materiel. The wounded have to remain on board ; 
the crew of a ship is limited, and since no reserves can be carried the 
losses cannot, as on shore, be made good during action. Hence the life 
of each man on board ship has a great intrinsic military value, and, 
therefore, where it is necessary to station men in action it is also neces- 
sary to provide a certain protection, or, conversely, the service should 
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therefore^ in point of protection a source of weakness, and t/ie more so 
the j^reater the difference in caliber is. 

Hence in deciding the caliber of secondary guns it should be chosen 
as near to that of the heavy guns as due regard to its characteristic 
features will permit ; these features are rapid firing and greater number 
of guns, hence greater volume of fire and more widespread effect. 

d. Protection of the Ship 

It is a fundamental principle in armor protection that all efifects of 
gunfire, and notably shell explosions, should, as far as possible, be kept 
outside the ship, and that hence, speaking generally, external armor is 
preferable to internal armor. 

Side armor must, therefore, be the most effective form of armor, but 
since it cannot everywhere be made thick enough to prevent shell from 
passing through and bursting inside, and since projectiles passing over 
its edge may still reach the vitals, it is necessary further to protect these 
latter by an armor deck. 

In the Appendix ^ is shown that a given weight of side armor will, on 
the whole, give as good a protection against armor piercing as the same 
weight of deck armor, and to this must be added that side armor pro- 
tects not only the vitals, like the deck armor, but also the buoyancy and 
tne stability, and that it serves to keep shell explosions outside the ship. 
Hence the armor weight should chiefly be placed on the side, and no 
more lueight be given to the armor deck titan necessary to its function as 
a splinter deck. 

The armor deck will, of course, at the same time assist the side 
armor in protecting the vitals against armor-piercing shot. 

The lower the protective deck is placed the better it will be 
sheltered and the more completely will it cooperate with the side 
armor, hence it should be placed as low as regard to stowing the 
vitals will permit, and should join the side armor at its lower edge. 
These claims lead to the usual form of protective deck — sloping sides 
and a flat top, some 2 to 3 feet above water. 

For the entire length of the main group of vitals y magazines, machin 
ery, and electric plant, the protection of which shall be first considered, 
/. 6'., between the extreme end of magazines forward and aft, the side 



1 For Appendix, see Transactions of the Society of Naval Architects and Marine 
Engineers, 1904* 12, pp. 1 01 -106. 
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a thickness of the belt of 10 inches and of the middle strake of 8 inches. 
Since the upper strake ought to keep out all thin-walled shell, its thick- 
ness should probably not be less than 6 inches. On account of the 
sheltered position of the transverse armor bulkheads their thickness 
need hardly exceed 6 inches throughout. 

Turning to the protection of the ends, it will be seen that, with the 
great extension and height of the heavy redoubt here proposed, the 
ends, and notably the after end, are relatively unimportant as far as 
stability and buoyancy arc concerned, and apart from the steering gear 
no important organs need be found here. The protective deck should, 
however, be continued to the ends, but since it may here be placed 
much lower than at amidships, and since the ship is here of small 
breadth, the height of side armor necessary for protection of the deck 
may be much smaller. The ends should, in the water line, not be 
exposed to riddling by light guns and by high explosive shell from 
rapid fibers, and the belt should, therefore, be continued right to the 
stem and stem ; a uniform thickness of 4 inches is probably sufficient 
for this purpose. The middle strake should be continued to the bow 
and be given a uniform thickness of some 3 inches to 2 inches. The 
steering gear should receive an extra protection by a thickening of the 
armor deck. 

In many ships we find a second armor deck fitted on top of the 
vertical armor. As protection against plunging projectiles passing over 
the edge of the side armor, such a deck will not offer more resistance 
to armor piercing than if used as an addition to the lower armor deck. 
As to shell fire, there seems very little danger of shell exploding in 
direct contact with the lower armor deck, even in the absence of an 
upper armor deck, with the great height of vertical armor here pro- 
posed. Where a battery of secondary guns is placed on the gun deck 
an armored main deck would no doubt be of some use, but whether it 
would really be able to protect against the effect of high explosive shell 
bursting in contact with it seems doubtful. 

When we come to consider the more usual case, that of projectiles 
entering the ship by perforation of the side armor, we find that not only 
will the upper armor deck be useless, as in case of armor-piercing shot, 
against which it does not assist the lower protective deck, but in case 
of shell explosions occurring between the two decks it is likely to be 
positively injurious by preventing the upward expansion of the gases. 

Also, with regard to weight distribution (stability), it is more 
desirable to place the armor on the lower deck. 
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S. Summary 

The type of ship here proposed is but a modification of the 
Connecticut and King Edward classes. Provided the premises of this 
discussion are correct and the arguments sound, it was indeed to be 
expected that the result should agree essentially with the best recent 
designs, and more particularly with those which have not been restrictetl 
in displacement by financial considerations. The modifications pn>- 
ix)sed, although of great importance, are gradual in character, and fol- 
low as a natural consequence of recent changes in means and methods 
of warfare. The principal points are : — 

Complete substitution of semi-heavy g^ns for the quick firers of 
secondary batteries, and consequent installation of all secondary guns 
in turrets, preferably twin turrets, placed on main deck. 

Greater subdivision of engine power by triple screws. 

Use of oil fuel by mixed combustion. 

Greater metacentric height, and hence somewhat greater beam. 

Abandonment of centre line bulkhead except where necessar)' 
between- engine rooms. 

Both inner bottom and wing passage bulkhead to be fitted along the 
sides. Greater distance of lateral bulkheads from side. 

Wing spaces arranged as compensating tanks for righting the ship. 

Side armor to maintain midship thickness and height to extreme end 
of magazines, where the transverse armor bulkheads should be placed. 

Lighter protection of barbettes below main deck. 

Only one armor deck. 

6. Conclusion 

We have arrived at the proposed type on basis of specified condi- 
tions. It has been shown how the qualities required to meet these 
conditions are interdependent, and how, therefore, only one solution can 
be the best, namely, that which is consistent with the organic relations 
existing between the different elements of the design. In the battle- 
ship so designed we may say that the qualities are harmoniously 
balanced, since no one is unduly favored at the expense of the others, 
and each is present in a sufficient measure. This solution has necessi- 
tated a displacement equal to that of the largest battleships now 
building. As shown in the paper, this is due to the fact that the 
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velopments in submarine attack have rendered such work exceedingly 
dangerous, and this service is, moreover, accompanied by exceptional 
risks to large vessels by grounding and collision. Although the larger 
ship is better able to stand such damage, it must be admitted that 
smaller ships have here distinct advantages. Their smaller draught and 
greater maneuvering power make them more handy and less exposed 
to the dangers of grounding and collision, the smaller value of each 
unit makes it justifiable to run risks which should not be incurred with 
large ships, and their smaller power of resistance to submarine attack 
is probably more than outweighed by their greater number. Moreover, 
on account of reduced claims to nautical qualities — speed, radius of 
action, and living accommodations — small size may, in coast defence 
ships, be combined with great offensive and defensive power. 

As a result of recent developments we have, therefore, to admit a 
limitation in the use of the sea-going battleship and an increased neces- 
sity for the construction of special artillery vessels for coast war. Such 
vessels, ranging from the Arkansas to the Henri IV, already exist, only 
the type must be chosen in accordance with the special requirements 
of the case, and developed to meet the changed conditions; but a 
study of this question lies outside the scope of this paper. 
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measurements. As confirmation of this, in the same paper, Lippich 
also published comparative measurements of the optical rotation of 
a standard quartz plate made on a Lippich polariscope and two of the 
Laurent type, the readings of which latter showed variations of forty- 
five to eighty-two seconds from those of the Lippich polariscope. It 
should be noted that in these experiments Lippich filtered the sodium 
light through both potassium bichromate and cupric chloride solutions, 
so that the light he used probably differed appreciably from that 
designed for the Laurent polariscope. 

Landolt ^ has pointed out that the sodium light as usually employed 
in polariscope measurements is not homogeneous, but is made up of 
light of many wave lengths, most of them differing slightly from each 
other, but that such light can be considered as homogeneous light which 
has a wave length of the ray which is the resultant in intensity of all 
the rays emitted. This ray is termed the ** optical centre''^ of the 
light. In his work on optical rotation Landolt discusses the different 
optical centres of light used in polarimetric measurements, but does not 
consider exactly the kind of light used by Laurent instruments. 

In most of the more recent accepted measurements of the specific 
rotation of quartz the light used has been the yellow rays of the two 
D lines of the spectrum, separated by spectroscopic methods, either 
from white light or from sodium flame. 

For the Lippich polariscopes Lippich has designed a ray filter which 
practically absorbs all light except those rays adjacent to the D lines. 
This filter purifies the light of incandescent sodium chloride vapor so 
that its optical centre is practically that of the spectrally* purified light. 
According to Landolt, who describes the preparation of the solutions 
in detail, it consists of a lo cm. absorption cell filled with a 6 per cent, 
solution of potassium bichromate, and a 1.5 cm. cell filled with a specially 
prepared solution of uranyl sulphate.^ 

Consideration of many published rotation values obtained on Laurent 
polariscopes, as well as readings of the two instruments in the sugar 
laboratory of the Massachusetts Institute of Technology, has led us to 
believe that polariscopes of this type,^ if of French make, give readings 
which are concordant within one minute, at least, although about 0.2 



1 Optische Drehungsvermogen, p. 360. 

^Optischer Schweqjunkt. 

8 I jppich, Ztschr. fiir Instr., 12, p. 340; landolt, Optische Drehungsvermogen, p. 362. 
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pich for general laboratory measurements. Our results show that 
Laurent measurements can be converted to the standard of spectrally 
purified light ^ by increasing their value 0.2 per cent. The tabulated 
light factors calculated from the different rotation and saccharimetric 
values will, it is hoped, explain some of the different values which are 
given indiscriminately and, in fact, without proper explanation in the 
various publications dealing with optical rotation. 

It may be unnecessary to point out that Rimbach,^ Landolt,* and 
others have shown that the light factor of a quartz-wedge saccharimeter 
may vary with the nature of the substance measured. This is on 
account of the difference in the rotary dispersion of quartz and the 
solution measured, the result being that all the rays of the sf)ectrum 
whose planes are rotated by the solution are not restored exactly to 
their original angular positions by a section of oppositely rotating 
quartz of one definite thickness. Hence no position of the quartz 
compensation wedges will exactly restore the original light effect of 
the end-point when the solution is placed in the instrument, and a more 
or less parti-colored field is given in shadow saccharimeters. If the 
dispersion difference is slight, this can be obviated and an evenly tinted 
field obtained by absorbing the rays of the blue end of the spectrum by 
means of a ray filter of bichromate solution, or somewhat less effect- 
ively, but more conveniently, by means of a piece of brown (carbon) 
tinted glass. The ray filter, however, in the case of the quartz-wedge 
saccharimeter, merely assists in obtaining a more precise end-point. 
The light factor, as determined by a solution of commercial glucose, 
for Li stance, will differ appreciably from that obtained with quartz. 
Even cane-sugar solutions differ suflficiently from quartz in rotary 
dispersion to give light factors of slightly different value. 

Hence it is imperative, in stating that the light factor of a saccha- 
rimeter is a certain value, that reference should be made (i) to the exact 
nature of the light used in the rotation readings; (2) the saccharimetric 
standard of the scale of the quartz-wedge instrument ; (3) the nature 
of the substance measured ; and (4), obviously, the temperature at which 
the 'comparisons are made. It would seem as if these conditions of 
measurement ought to be well known, but they are singularly ignored 



1 This is assuming, on Landolt's authority, that the sodium light purified by the Lippich 
ray filter is practically identical in wave length with the spectrally purified light. 

- IJer. d. chem. Ges., 27, p. 2282. 

^//W., 21, p. T91. 
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in statements in publications on the subject to the confusion of most 
readers. 

Headings at 20^ 



Quartz A 
Quartz D 

Quartz A 
Quartz D 



Sacchanmetric 

readings, original 

Ventxke scale. 



62.66 
i)6.02 



(S? 

Sacchanmetric 

readings, true cc 

scale. 



62.45 
95.77 



(3) 

I^urent readings, 

original light. 



21.667 
3ii.200 



(4) 
I^urent readings. 
Lippich ray filter. 



21.719 
.S;i.284 



Calculated Light Factors 




0.3458 



0.;W66 
0.3466 



From (2) and (4). 



0.3478 

0.:U75 



Sugar Laboratory, 
Massachusetts Institute of Technology, Boston, Mass. 
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QUARTZ^PLATE READINGS TN SACCHARIMETRY 

By GEORGE W. ROLFE 

It has long been noticed by the writer that comparisons of quartz- 
plate readings made on the United States standard saccharimeter, scaled 
for use with "true" cubic centimeter flasks, with those taken on the 
Ventzkc standard instrument did not give the constant ratio i : 1.0023 
at all parts of the scale. For instance, referring to the tabulated read- 
ings of the preceding paper (p. 293), the ratio of the readings of the 
D plate is i : 1.0026, which is a close approximation to the ratio of 
the volume of the true cubic centimeter to that of the Mohr flask, 
but the ratio of the corresponding values of the A plate is i : 1.0034. 
This discrepancy is not accounted for by experimental error, as many 
readings on different saccharimeters are remarkably concordant. 

Sawyer, in his paper on variations in standards of Ventzke saccha- 
rimeters {Journal American Chemical Society, 26, p. 990), has published 
a comparative table of such readings, in which are included some made 
by the writer. These will show a remarkable concordance in ratios of 
readings taken at the same corresponding parts of the scale on the two 
classes of saccharimeters, but show the same x'ariation between the 
100 and 50 points. It will suffice here to consider the readings of 
four plates on the two Institute saccharimeters, Schmidt and Hansch, 
No. 2880, and Scheibler (half shade), No. 624, and the readings made 
by Dr. Wiley in 1898 on the triple-shade United States standard 
saccharimeter. No. 3923. These readings and their ratios are given 
in the following table : — 

TABLE A — Comparison of Quartz-Plate Readings on United States Ventzke 

Standard Saccharimeters 





(1) 
No. 3f»2:i. 


(2) 
No. 288(1. 


No. ti24. 
1 02.00 


Ratio 
(1) : C2) 


Ratio 
(1) : (3) 


Quartz A . . . • 


. . i 02.4:) 


(52.00 


l:1.0a34 


1:1.00:« 


Quartz B . . . . 


... 1 55.11 


1 55.32 


55.28 


1:1.00;^ 


1:1.0031 


Quartz D . . . . 


... J)5.77 


90.02 


' 95.90 


1:1.002(5 


1:1.0022 


Quartz E . . . . 


. . . ' 99.84 

1 


100.00 


100.08 

1 


1:1.0023 


1:1.0024 
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The question might well be raised whether, in general, greater accu- 
racy in commercial saccharimetry is gained by such graduation, since 
the '* non-sugars ** in solutions of commercial products, esp)ecially min- 
eral matter, might prove far more disturbing of the specific rotation of 
sucrose than the water present ; and such error is still quite uncontrolled. 

Owing to its great convenience and precision the quartz-wedge 
saccharimeter is a most useful instrument for measuring rotations of 
many optically active substances, particularly hydrolyzed starch products, 
the rotations of which, in terms of standard yellow light, can be accu- 
rately determined by multiplying the readings by the appropriate light 
factor. Indeed, where no rotary polariscope is available the quartz- 
wedge saccharimeter can be substituted in all cases if sodium light is 
used as an illuminant, since dispersive disturbances are eliminated, and 
for all substances the factor becomes practically that for quartz with 
com|X)und light. 

This greatly extends the usefulness of the saccharimeter for general 
laboratory work. If, however, the instrument is graduated according 
to Schmitz's corrections, not only in testing commercial products is the 
gain in saccharimetric efficiency questionable, but such graduation is 
decidedly disadvantageous for general rotation work, as the light factor 
is not constant for all parts of the scale, and consequently the 
calculation is complicated 

Through the courtesy of Dr. Wiley the writer had the opportunity 
to use a set of the ** International *' quartz plates standardized by the 
German Bureau of Standards {Physikalisch'technische Reichsanstalf). 
Four of these plates were read on the Schmidt and Hansch saccha- 
rimeter. No. 2880, the Laurent ** A " polariscope of the sugar lab- 
oratory of the Massachusetts Institute of Technology (p. 291), and 
a large Landolt-Lippich polariscope belonging to the Physical Depart- 
ment of the Institute. This Landolt-Lippich instrument is one of the 
most advanced type, made for measurements of the highest precision 
now attempted, and reading to .001° by means of filar micrometers. 

The Laurent polariscope was used with the ordinary sodium light 
and bichromate plate, as designed for the instrument. The sodium 
light for the Landolt-Lippich polariscope was passed through a Lippich 
ray filter. 

The numerous readings taken are briefly summarized in the follow- 
ing table (B). In general, they show (i) that the saccharimeter 
No. 2880 has a constant light factor throughout its scale ; (2) a close 



298 



George IV. Rolfe 



use ordinary table salt, which is best adapted for the purpose, the 
other common salts of sodium not volatilizing so readily, and conse- 
quently giving less intense light. Sodium carbonate works reasonably 
well, but causticizes to a considerable extent, forming a corrosive liquid, 
which drops down and fouls the apparatus. Sodium bromide is said 
to produce a more intense light than the chloride, but g^ves off bromine 
vapors, which are apt to injure the polariscope. Landolt uses cylinders 
of salt, which are fused on small forms made of nickel wire netting. 
Wiley has devised a clockwork lamp by which the salt is fed into 
a Bunsen flame from opposite sides by means of two slowly revolving 
wheels of platinum gauze, which dip into dishes holding a salt solution. 
The ordinary type of lamp consists of a Bunsen burner so adjusted 
as to bum with as strong an air blast as possible, this being a requisite 
for any lamp giving intense light. The salt is exposfed to the flame in 
a platinum or nickel-gauze spoon, which is heated in the mantle just 
outside the luminous cone — the hottest part of the flame. The 
intensely bright yellow sodium vapor is then carried by the blast well 
above the blue cone of the flame, the light of which latter should be 
cut out of the polariscope field by a diaphragm attached to the lamp. 
A mixture of table salt with sodium phosphate, as recommended by 
Dupont, fuses upon the gauze, and does not decrepitate as salt does 
alone. A mixture of these powdered salts made into a paste with 

J a little glycerine has been found very con- 

^♦;n^ f^y^^^ venient for applying to the gauze with a 

^c^^ A > \ /'J? / small platinum spatula. 

Quite recently the author has adopted 
a simple type of sodium lamp, which has 
proved by far the most convenient and 
efficient (Figure i). A shallow boat, 
made by folding up a rectangular piece 
of platinum foil and welding together the 
ends by hammering at a red heat, is used 
to hold the salt. The boat is of such 
shaj^e as to spread the flame of a Tirrill 
burner, which impinges against the polished 
platinum after the manner of a bat's-wing flame. The salt that is 
liquefied creeps up the sides of the boat and is vaporized in the flame, 
giving a very brilliant and steady light, which lasts for fifteen minutes 
or more without renewing the salt. 






TAI 



\1 






1 



Front 



Side Section 

Fig. I. — Simple Type of Sodium 

Lamp 

Ay boat ; B^ burner; C, blue fiame ; 
Dy yellow flame ; F^ diaphragm- 
opening. 
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Flan of Boat 




"^ 



B 



The flame shoots off obliquely, thus exposing more light surface in 
the axis of vision. From time to time lumps of salt (which have pre- 
viously been fused) are added till the boat is again filled with liquid. 

The diagrams explain the apparatus, the exact 
adjustment 0/ the position of the platinum boat being 
easily determined by experiment. 

A more elaborate but somewhat more efficient 
boat for holding the salt is shown in Figure 2. A 
piece of platinum foil is folded double in such a way 
as to make a double-bottomed boat, the edges of the 
folded sheet making a narrow slit along one edge of 
the boat. The inner bottom is perforated. In this 
form the liquefied salt rises by its capillarity to the 
mouth of the slit, and is taken by the strong blast of 
the lamp up into the flame in a brilliant sheet. Such 
an arrangement has given a constant light for an hour without replenish- 
ing. 

The platinum boats must not be too large, or the mass of metal 
chills the flame and reduces the intensity of the light appreciably. 
It may be needless to add also that the burner must be working with 
as strong an air blast as possible. 



Side Section of 
.Boat And Buniec 

Fig. 2. — Lamp with 

Double-Bottomed 

Boat 

Lettering as in Fig. i. 
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TABLE I 
RI:n.S I T«) VI 



Run. 


1 
Initial temperature. Clear oil. . 


Yellow oil. 


Kosin. 


I 


144^ C. 


Per cent. 

1.03 


Per cent. 

1.47 


Per cent. 
4.7 




II 


150^ C. 


1 .05 


• 


2.25 




IV 


100° C. 


1.84 


0.5 


8.4(5 




V 


157° c. \.m 


• 


1 .0:; 




VI 


WVP C. 2.20 


1 .25 


7.05 






RiJN.s VII -nj X 








VII 


170° C. 


:].(X> 


0.40 


0.;i5 




VIII 


173^ C. 


:J.47 


o.:»4 


5.47 




IX 


180° C. 


:J.02 


0.47 


4.:J0 




X 


175^ C. 


.S.12 


0.82 


5.40 






RUNS XII AND XIII 






XII 


220° C. 


2.00 


0.70 


« 




XIII 


190° C. 


2.40 


0.58 


• 






RUNS XIV AND XV 


• 






XIV 


170° C. 


0.7J» 


0.69 


0.0 




XV 


175° C. 0.27 


0.14 


0.0 





* Not determined. 



The following table gives the average results from the first three 
sets of nins, and shows the results obtained from each manner of 
heating: 



TABLE II — Average Results 



Runs. 


Initial temperature. 


Clear oil. 


Yellow oil. 


Rosin. 




Per cent. 


Per cent. 


Per cent. 


I-VI 


155^ C. 

1 


1 .90 


0.81 


3.97 


VII-X 


174^ C. 


8.15 


0.58 


5.38 


XII-XIII 


200^ C. 


2.50 


0.04 


; 2.80 

i 



.■■■ » 



!»/ 



t: ■■ 
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Tests for free acid by titration with Nj^ alcoholic potash showed the 
absence of acids in any appreciable quantity. The values found were 
.0077 per cent, and .0079 per cent. 

l'jx>n saponification with alcoholic potash and titration with yj^ 
\\^\, alx>ut 7 per cent, of esters was found, calculated as bornyl 
acetate. A sample of commercial turpentine tested at the same time 
showed 1.44 i)er cent, of esters. 

An attempt to remove the color and odor from this turpentine was 
made, using dilute ix)tassium permanganate solution. About 92.8 per 
cent, of a water white oil was obtained having no disagreeable odor. 

Evaix)ration tests were made u^Don two samples of this clear oil, or 
••w(K)d tuqjentine," to determine the amount of volatile matter and 
amount of residue present. The test consisted of putting about .2 gram 
oil upon* a watch glass and allowing it to evaporate in the air. The 
weight of the residue was determined and the percentage of .residue and 
of volatile rhatter calculated. 

TABLE III 



Sample. 



Clear oil, No. 1 
Clear oil. No. 2 



Volatile matter. 

1 


Residue. 




l»er cent. 


Per cent. 




1 


1.02 




1 

9J>.29 


0.71 





Two tests were made with commercial turpentine at the same time, 
with the following results : — 



TABLE IV 



Sanipl< 



Volatile matter. 



W. and H., No. 1 
Prenti.ss, No. 1 . 



• • 



Per cent. 
JW.8 



Residue. 



Per cent. 
0.4 

1.2 



So far as volatility is concerned these oils compare favorably with 
the commercial samples examined. 

Properties of the Yellow Oil. — The yellow oil obtained from the 
distillation with steam was submitted to a fractional distillation. Almost 
the entire amount boiled between 200 and 214° C. The fraction 209- 
211 constituted fully 60 per cent, of the whole, and was apparently 
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well-known type, but the charcoal was especially dense and hard, ha\'ing 
a bright, metallic lustre. 

In the remaining runs the retort ^^'as heated slowly to 175® C, and 
held there for one hour. Then the temperature was raised to somewhat 
over 3CX)° C. The results obtained were as follows, the products bein^ 
the same in quality as in the first nin. 









TABLE 


VI 








Run. 


Weight of 
wixxi. 

Kilogram. 
2.2 


Cas. 
Per cent. 


Crude 
in-oduct. 

Per cent. 

;u.2 


Tar. 
Per cent. 

19.5 


50 per cent, 
acid. 


Oil. 


Charcoal. 


I 


Per cent. 
1.18 


Per cent. 
3.0 


Per t cnt. 

2;^.o 


II ..... . 


2.0 


28.7 


46.0 


25.0 


1.70 


2.5 


24.5 


Ill 


2.0 


25.0 


39.6 


10.8 


1.32 


2.6 


;m.5 


IV 


2.0 


24.1 


51.4 


20.8 


1.86 


3.6 


2:^.3 



From this we conclude that high and rapid heating produces larger 
amounts of gas, while comparatively low temperatures at the l>eginning 
cause increase in the amount of tar and acid. , 

In commercial practice the acid liquor from the redistillation would 
be run into milk of lime. From this the alcohols and acetone would be 
distilled, and the residue, evaporated to dryness, would yield gray acetate 
of lime. The creo.sote oil finds a market as a wood preservative. 

Distillation of the Tar. — The tar, after the acid and light oil were 
driven off, was subjected to a fractional distillation in a copper still. 
An oil was first driven over which was originally light-colored, but later 
absorbed oxygen from the air and turned dark. It showed a violet 
blue fluorescence. A little acid water was also carried over. The oil 
was treated with NaOH to remove cresols, which, upon acidifying the 
alkaline solution, were separated. ^ , 

Weight of tar treated .*UM) grams. 

Weight of acid and water 24 grains. 

Weight of oils 140 grams. 

Weight of creosote in oils 32 grams. 

W^eight of solid residue in still IJMJ g'ams. 

The residue upon cooling was hard, showing a black, glassy fracture. 
This product is known as "pitch" in the naval store industry. 

The following table gives the yields of the different products per 
cord as calculated from the average results obtained from Runs VII 
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to X by the steam distillation and Runs II to IV by dry distillation. 
These runs were selected since they seem to have been conducted on 
the most productive basis. 

Yield per Cord, — Estimated weight of a cord of lightwood, 6,000 
pounds. 



From steam distillation : — 

pRODl'tT 

Turpentine 
Yellow oil . 
Rosin 



From distillation of rosin 

Rosin spirit 
Rosin oil . 
Blue oil 
Green oil . 
Pitch . 



Amount Yield Per Cfnt. 

24.0 gallons 3.0 

4.4 gallons 0.56 

5.3 

0.3 

1.5 

. . . . 1.0 

5.6 gallons 0.8 

12 pounds 0.2 



318 pounds 

2.5 gallons 
10.9 gallons 
7.25 gallons 



' From dry distillation of wood : — 

Gray acetate of lime 

IJght oil . 

Charcoal .... 



46.2 pounds 

18.4 gallons 

1,050 pounds 



Gas 3,750 cubic feet 



Wood tar . 

From distillation of wood tar : - 

Creosote oil (15 per cent.) 
Wood pitch 

From creosote oil : — 
Creosote 



1,217 pounds 



2.;u 

17.5 

2.0 

20.28 



;50<J pounds 5.1 

516 pounds 8.6 



45.0 pounds 



0.76 



Conclusions, — The results of these experiments indicate that a 
turpentine can be obtained from lightwood by steam distillation, and 
that this turpentine is in every way the equal of the present commer- 
cial article, with the exception of its slightly different odor. This one 
point, however, may be sufficient to prevent its meeting with an exten- 
sive market for some time, at least. This will be due to the prejudice 
that is always shown by the public against any new article of commerce 
that varies even in a trifling way from the one commonly used. 

We believe that we have demonstrated that there is in the waste 
trunks, stumps, and roots of the long leaf pine existing in great quantity 
throughout the Southern states a supply of raw material for the manu- 
facture of naval stores hitherto unappreciated, and which is destined to 
play an important role in the economy of the South. 

Laboratory of Industrial Chemistry, 

May, 1905. 
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The Copper Mines of Lake Superior^ 

This book is the result of a sojourn of three weeks in the copper 
district. From notes taken and observations made at that time, coupled 
with information obtained from the literature, this little book has been 
evolved. 

Its size is in no way commensurate with the magnitude of the 
operations, which yield to the world over 15 per cent, of its total copper 
supply. In fact, in the author's words, it is ** all too short to do jus- 
tice to so wide a subject, but it will . . . convey to those who have 
never been to these splendid mines some idea of their exploitation, their 
geological conditions, and the treatment of their output.*' From start 
to finish the reader's interest is held by the author's characteristic 
narrative style, which weaves in dull facts and statistical figures with 
the stor}^ of the discovery and working of these great mines. 

From an introduction of statistics and general facts the reader is 
led through a short outline of the geology and a history of the discovery 
and development of the more important mines up to the present day. 
It is hard to believe that only sixty years ag<3 modern operations 
began, that the record of the great Calumet and Hecla has been made 
in only forty years, and that none of the present producing mines were 
in existence fifty years ago. 

After the history the author describes the methods of breaking the 
ore and raising it to the surface under the different conditioiis which 
prevail in the different mines. More particularly in these chapters the 
book is characterized by the insertion of many little "tricks of the 
trade," which cannot but help to be useful to readers who are engaged 
in actual mining. 

A digression is made to devote a chapter to the story of many of 
the large masses of native copper which have been found from time 
to time, and another chapter to the methods of prospecting and 
opening up of some of the more recent mines. 



1 The Copper Mines of Lake Superior. By T. A. Rickard. New York : The Engineer 
ing and Mining Journal, 1905. 164 pp., ill., 8vo. 
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Back to the main line of thought again, one chapter serves to give 
a comprehensive idea of the milling methods which are necessarj' to 
eliminate the large amount of waste rock from the " mineral " or valu- 
able particles of native copper; then a chapter on smelting practice 
tells of the melting and refining of this "mineral," which process yields 
the copper in the merchant form to go to the market. 

I^ooking back over the whole book the reader realizes how difficult 
it must be for an author to keep his story within bounds when dealing 
with such a fertile subject as this, and that many things necessarily 
have to be omitted. There is one gap, however, which impresses one 
who ha§ traveled in the copper country, and this is the absence of 
a description of the enormous hoisting machinery which raises such 
quantities of ore from the depths of the earth. Another gap, which is 
not unexpected, however, is due to lack of information regarding the 
mining methods in the Calumet and Hecla and the Tamarack mines. 
The author regrets this, and explains that it is through no fault of his, 
but is on account of the inflexible rule of the managements of these 
two mines. ' 

The book cannot but be of \'alue to all classes — to the general 
reader who is Jooking for information presented in an interesting man- 
ner; to the mining man who is so far removed from Lake Superior 
that he may never need to come in actual contact with these mines, 
but who should, nevertheless, have a good idea of the practice which 
they illustrate ; to the man who has had an intimate connection but is 
now at such a distance that he will welcome this book, like a letter from 
home, which tells him of the progress made since his departure ; and, 
finally, to the man who is on the spot, and who will be glad to learn 

how his methods impress an outsider. 

C. E. Locke. 



Liquid Fuel^ 



This report gives in great detail the results obtained in seventeen 
coal and sixty-nine oil burning tests under an experimental boiler. The 
type of boiler chosen was of the water-tube variety of American design. 



1 Report of the United States Naval Liquid Fuel Hoard of Tests conducted on the 
Hohenstein Water-Tube Boiler, showing the relative evaporative efficiencies of coal and 
liquid fuel under forced and natural draft. By John K. Edmands, Wythe M. Parks, and 
Frank H. Bailey. Washington, 1904. 450 pp., large 8vo. 
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They recommend that apparatus for burninp^ oil fuel should be 
placed on one of the coast defence monitors of the Pacific squadron 
and in several torpedo boats. 

These are some of the more important |)oints covered in this report, 
which should be seen to be appreciated ; it is a most admirable piece of 
work, and should be in the hands of every one interested in the subject. 

A. H. Gill. 
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THE SCIENTIFIC DISPOSAL OF CITY SEWAGE: 

HISTORICAL DEVELOPMENT AND 

PRESENT STATUS OF 

THE PROBLEM 

Bv C.-E. A. WINSLOW 
(Read October 12, 1905) 

The disposal of waste is a fundamental problem for all living 
organisms. As the body takes in food and builds it up into its own 
wonderful structure, so it must continually break down and give ofif 
waste products, which, as a rule, if they accumulate prove poisonous 
to the organism itself. And as this is the case with the individual, so 
is it still more the case when large numbers of organisms are closely 
cong^gated together in communities. Nevertheless the attempt at 
scientific waste disposal is a comparatively recent one. It really dates 
from the epoch-making report of the Health of Towns Commission of 
Great Britain in 1844, which revealed such astonishing conditions with 
regard to the decomposing organic matter, and the filth of all kinds 
which had accumulated in British cities, that it aroused British sanita- 
rians to a strong movement for the amelioration of these conditions, 
and led to the development of the filth theory of disease — the theory 
that disease is bred in heaps of decomposing filth. This theory we now 
know to be wrong in its essential assumption that infective material is 
created de novo by decaying organic matter ; yet it was right in laying 

1^1 
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.^i -^ ^\l\i :is a carrier of disease. The wonderful administrative 

:r..' British sanitarians, aetin^^ on this partially erroneous theoi}', 

: ' .-_■ :>e i;reatest sanitar}' progress which has probably ever lxK*n 

>^ :h.\t whereas in 1S15 the sewers of London were simply 

- ■ :.i-!-\ i»tT the stomi water, the discharfije of sewaiife into them 

■ ■..-..ion by law, in 1847, only three years after the report of the 

• ' : r.'wns Commission, it was made obligator}* to discharge all 

•: ' :h«'se drains. 

* '. A.::^r carriage system, in which the sewage is diluted as 

..^ ivwnII^Ic with a large volume of water, was c|uickly intro- 

• r:i^land. and has since followed in other countries. Thus 

\-". oi disi>osal was shifted one sle]> away from the individual; 

^ • :hc individual having a small amount of waste to disi'K>se 

', — ..-.uvipality has now a very much larger problem on its hands 

V. ^••.>s.il «)f all the waste materials diluted with a great volume 

^ .' l-*.>r example, in Hoston, on one side of the city, known as 

.>^ > . :r >U*tnnM)liian District, it is necessiu'v in every year to disj^ose 

s, c ^\.iN "f i,'^)00 t«)ns of nitrogen as free ammonia alone, repre- 

s. • ^ .■■"■ enonnous (|uantity of organic matter; and the problem is 

^- v.v.'.ch more difluult by reason of the fact that the organic 

■. -^ J.iluted with thirty billion gallons of water. 

V-v.erican sewages we find only one part in 1,000 of solid matter; 

•v wvMils. there are 999 i>arts of water to be handled, or somewhat 

.. ,. V.-.*. ihat, for every part t»f solid matter. The dangerous elements 

^..^ -M ihe single part in 1,000 with which we are particularly con- 

v\ ■■* >e\vage disj^osal may be classed under three heads: organic 

!»nneral matter, and bacteria. The mineral matter is harmful 

. . Nicr exceptional condition.s, when large amounts of industrial 

^,^^^^ outer the sewers, and need not be considered tonight. The 

^^^^.M n)av be harmful when the sewage is so discharged as to reach 

. »i^ '*.»uuv of fooil tu- water supply. In the case of the water supply 

^ ^ \iullv fair to exiK-ct protection from the sewage exjiert. It is 

v;i% ditVicull matter indeed to produce a germ-free effluent by any 

^^ ^^^ ^*l sewage dispos:il, and we are now taking the position that no 

UAvV water >h«>uld be used for drinking pnqMises without being filtered. 

>jj '. ;hink sewage experts have a right to feel that the responsibility 

'A Ju^MSi* caused by the discharge of sewage into water rests most 

^1^- u|^*» ^he water sup[)ly experts. This general proposition must 

ulificd in the special case where sewage is discharged into ponds 
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and estuaries from which shellfish are taken. Here there can be no 
question of purifying the shellfish. It is necessary either to abandon 
the taking of shellfish from such waters or to purify the sewage in 
such a way as to remove the disease germs. This is a problem which 
may prove of increasing importance during the next few years, and 
which may make it necessary to produce a sterile effluent, or, at least, 
one free from pathogenic bacteria. As a rule, however, in questions of 
sewage disposal it is not the bacteria but the decomposing organic matter 
with which we are chiefly concerned. Such organic matter is composed 
of unstable molecules, imperfectly oxidized, which can be disposed of in 
two ways. First, it may decompose, putrefy, break down, with the pro- 
duction of offensive gases of decomposition, creating a nuisance, and in 
some cases, as in one or two heavily polluted rivers in Massachusetts, 
actually endangering the health of adjacent communities. Or, secondly, 
under the influence of oxygen it may undergo another process that we 
call nitrification, a slow burning or combustion which converts the 
organic matter into nitrates, or other mineral substances, without the 
production of foul odors and in a wholly satisfactory way. Organic 
matter must either putrefy or nitrify, and the aim of sewage treatment 
is to nitrify it. This is a difficult problem, because it involves the supply 
to that organic matter of one to three times its weight of oxygen, with 
the special conditions under which the oxygen and the organic matter 
will unite. 

Disposal by Dilution. — The most obvious way to disix)se of sewage 
is to throw it into the nearest body of water. Before true sewers existed 
the natural drains discharged into the nearest water course, and when 
they became filled with |X)lluting matter the same plan was followed. 
Sometimes this works very well. If the volume of sewage discharged 
into a stream is sufficiently small, there may be enough oxygen to unite 
with the organic matter and enough organic life in the stream to effect 
that union. Under such condition there results a self-purification of 
the stream of a very satisfactory ty^^e. The problem changes, how- 
ever, when the volume of sewage exceeds the maximum which may be 
absorbed by a given stream, which may be stated as one part of sew- 
age to fifty parts of water. When that limit is exceeded, when the 
limit of available oxygen for the oxidation of organic matter is passed, 
then the conditions of putrefaction are set up. It is like Mr. Micawber's 
philosophy : " Annual income twenty pounds, annual expenditures nine- 
teen ought and six, result happiness. Annual income twenty pounds. 
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annual expenditures twenty pounds ought and six, result misery." Up 
to a certain point everything goes well, but beyond that point conditions 
are totally changed, and instead of a self-purifying stream you find a 
foul septic tank such as Boston has ix)ssessed for some time in front 
of her most costly residential street, in the Fens basin. Dilution then 
— the discharge of sewage into w^ter — is limited by the volume of 
sewage in relation to the b(xly of water into which it is to discharge. 
On the seacoast the conditions for purification by dilution are ideal; 
and with large rivers like the Mississippi this method may l>e followed 
very satisfactorily. In smaller streams we get the septic tank condi- 
tion of which I have s^wken. In Massachusetts alone there are at least 
seven rivers so pjlluted as to become a public nuisance for a part of 
their course. The Neponset at Hyde Park and the Blackstone River 
below Worcester will occur to all as conspicuous examples. 

Disposal on Land, — A second obvious method of sewage disposal 
is discharge on the surface of the soil ; and this method has been fol- 
lowed from time immemorial. In the little city of Bunzlau in Prussia 
there was a public water supply as early as 1559, pip^'d from a spring, 
and in connection with it was installed a sewerage system and a system 
of disposal on a sewage farm. At this time it was thought that you 
could not only dispose of sewage satisfactorily by discharging it on land, 
but that a good deal of i)rofit would come from the fertilizing effect of 
the material. So the practice of sewage farming spread, and in Eng- 
land, just after the i)eriod of sanitary reform in the early sixties, grew 
up ver}' rapidly. A number of irrigation areas successfully operated 
today were laid out in England at that time. The largest and most 
famous exami:)les of this process are the sewage farms at Paris and 
IkTlin. In Berlin the flow of sewage from a population of 1,750,000 
is treated on 23,000 acres of land at a rate of 3,000 gallons per acre 
per clay. Crops are cultivated and the farm is operated with fair suc- 
cess, the operation lx:ing carried out by convicts under military dis- 
cipline. The ])rocess of irrigation, or sewage farming, seems to work 
satisfactorily wherever there is available an ample area of suitable soil, 
but in many cases such large areas cannot be found. In many i>arts 
of England and in some places on the continent of Europe the process 
is inipnicticable because it is impossible to get sufficient land of the 
right kind. 

There is a certain sanitary danger in the process of sewage fanning 
if the crops grown are not properly regulated. A recent English con)- 
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mission has recommended that no crops for human consumption be 
grown on fields used for the disposal of sewage. That is an extremely 
conservative position ; but certainly, I think, crops should be limited to 
those food substances which are to be cooked before eating. The 
economy of the system of sewage farming is still more doubtful. It 
is never good policy to recover something valuable which costs more 
to recover than it is worth after recovery. That appears frequently to 
have occurred in the experience of those who have tried sewage farm- 
ing, since in many instances the expenses of conducting the farms are 
really not paid by the crops grown on them. This does not hold good 
in arid regions where sewage is valuable, not only for its manurial ele- 
ments, but for the water it contains ; in the far West we find that the 
sewage farm has a most important place. The city of Pasadena, for 
example, has operated a sewage farm for twelve years. Alfalfa and 
crops of that character were grown at first with ix)or success, because, 
the crop being so near the ground, it was impossible to cultivate it 
properly and keep the surface open. The city is now growing mainly 
walnuts, with considerable profit. In 1903 the receipts from the farrn 
were about eleven thousand dollars and the expenses about six thou- 
sand dollars, and out of the profits the original cost of buying the land 
is being paid off at a rapid rate. In a country of that sort the process is 
quite profitable, and no doubt sewage farming will have a large future 
in the arid regions of the West. In the East, however, where there 
is plenty of water, the value of the process is extremely doubtful, if for 
no other reason than because of the difficulty of securing economical 
administration under American municipal conditions. 

Disposal by Intermittent Filtration. — The process of sewage purifi- 
cation 9n land soon underwent a development along more intensive 
lines. As early as 1865 the German engineer, Mueller, urged the 
disposal of sewage through land at a more rapid rate than is possible 
on the ordinary sewage farm. He understood the nature of the proc- 
ess, and knew that it was carried out by organic life; and in 1878 he 
patented a system **for the disinfection, purification, and utilization of 
sewage by the scientific cultivation of yeast-like organisms." His work, 
however, made no lasting impression. In 1870 the subject was ap- 
proached along a different line by the English experts of the Rivers 
Pollution Commission under the leadership of Frankland. These experi- 
menters failed to grasp the biological character of the i)rocess, but they 
understood its chemistry and showed that sewage could be successfully 
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purified by filtration through various soils, at much higher rates than 
those used on sewage farms. This principle, worked out by FranWand, 
was applied in practice as early as 1871 by Bailey-Denton at Merthyr- 
Tydfil in Wales, where a filtration area was so operated as to care for 
60,000 gallons per acre per day for some years. 

It was only by work in this state, however, that these various lines 
of investigation were brought together in so conclusive a form that 
the importance of the process of intermittent filtration through sand 
was generally understood. The difficulties experienced by Worcester 
through the pollution by its sewage of the Blackstone River and the 
proposition to treat the sewage of Boston and the cities lying to the 
north, on the Saugus marshes, made sewage disposal an urgent ques- 
tion in Massachusetts in the early eighties. As a result of these con- 
ditions the I^wrence Experiment Station of the State Board of Health 
was founded in 1887 for the study of the sewage purification problem. 
There, under the leadership of Mr. Hiram F. Mills, with the cooperation 
of Professor T. M. Drown and Professor W. T. Sedgwick, were carried 
out the series of experiments since rightly spoken of as classic. Ten 
circular cypress tanks 1 7 feet in diameter and 6 feet deep were filled 
with various filtering materials — sand, gravel, peat, river silt, loam, 
garden soil, and clay. The fine materials like peat, garden soil, and 
clay soon clogged, but the beds of sand worked to admiration, receiv- 
ing sewage above and yielding a clear, bright spring water below. Some 
of the original tanks have been operated from the day of their installa- 
tion to the present, a period of over seventeen years, with continuously 
good results. 

The Massachusetts investigators established very clearly that the 
purification was an oxidizing process, carried out by bacteria living in 
the sand, and that a rich supply of oxygen was necessary for their 
activity. In order to supply the oxygen it was necessary to dose the 
filters intermittently, putting on perhaps one dose a day in an amount 
of some 60,000 gallons per acre. These experiments led at once to 
the installation of a number of intermittent sewage filters in Massachu- 
setts, and in 1903 we had twenty-three in operation in different parts 
of the state, the best known being those at Marlboro, Brockton, 
Framingham, Gardner, and Clinton ; some of them have been in oper- 
ation now for over ten years. It has been found that a certain 
amount of solid material accumulates on the surface of such beds, but 
the material is of a stable nature, not subject to decayi and can 1)e 



324 C-E, A, Wifislow 

sewages and with the same sewage, at different times, under conditions 
not thoroughly understood. It was claimed at first that all the solids 
settled out would be liquefied in the septic tank, but this is not true ; 
a portion only disappears, and most tanks must be opened once or 
twice a year for the remo\'al of sludge. 

The Contact Bed, — Meanwhile progress was being made along a 
different line. The chemist of the London County Council, Mr. W. J. 
Dibdin, undertook in the early nineties to devise some more rapid 
method of sewage disposal than that worked out at I^wrence. He 
first tried experiments in Barking, at one of the outfalls of the London 
system, in which he passed sewage through coke and stone in iron cylin- 
ders. Finding the process fairly satisfactory, he laid out a one-acre 
bed filled with coke, made tight — so that he could fill it with sewage, 
allow it to stand for a certain period, and then empty it. This he called 
the contact system, because the sewage is held in contact with the coke 
by the closing of the outlet. In further experiments at Sutton in 
Surrey, Dibdin developed the double contact system, carrying the sew- 
age treated in one contact bed to another contact bed and treating it 
again. By each contact about half the impurities in the applied liquid 
. are removed. It has been found that in the construction of contact 
beds almost any hard, smooth material may be used, the bed being 
simply a tight box for holding it. Coal and coke are particularly favor- 
able, though stone or almost any other hard substance may be used. 
The size of the pieces of material, whatever it may be, varies from 
\ of an inch to i } inches. The beds are commonly made from 3 to 
6 feet deep, or thereabouts, but the depth does not seem to be of g^eat 
imix)rtance. The sewage is run slowly into the bed, allowed to stand 
for a certain time, generally two hours, and then discharged, three or 
four fillings being made in the twenty-four hours. 

The effluent from a double contact system is of good quality, so that 
it will not decay and can be discharged into a river with safety. The 
worst difficulty with the method is that there is considerable stoppage 
or clogging of the beds, due to settling, due to breaking down of the 
material, due to the growth of organisms in the bed, and partly to 
the deposition of solid mineral matter in its interior.* Stoppage due 
to breaking- down may, of course, be controlled somewhat by using 
hard material. Stoppage due to the growth of organisms can be 
checked to a considerable extent by a proper resting of the beds. It 
apparently does not tend to go beyond a certain point The loss of 
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or iron bands, or any very simple structure around the outside. The 
depth is generally 4 feet or over, and, as in the case of the contact bed, 
any hard material may be used, varying in size from \ inch to i J inches. 

The most serious difficulty is in regard to the distribution of the 
sewage. It must be so applied as to pass through slowly and well 
mixed with air. Colonel Ducat used tipping buckets, a series of trian- 
gular troughs which discharged at intervals, splashing little dashes of 
sewage over the surface. Stoddart used a trough, from which the sew- 
age overflowed continuously, dripping off from numerous points below ; 
this was good in theory, but difficult to keep working in practice, because 
the troughs buckle and any difference in level prevents an even distri- 
bution. At Salford they used sprays with fixed pipes, like a series of 
fountains, and many of the English plants are equipped with compli- 
cated revolving mechanisms like lawn sprinklers. The most cumbrous 
of all these contrivances is a radial carrier which moves round and 
round the bed, its extremity revolving on the wall at the periphery, 
— dripping sewage as it goes. The rates which may be obtained by 
the trickling process are very high. The sewage farm will take per- 
haps an extreme of 10,000 gallons, the intermittent sand filter perhaps 
100,000 gallons, and the contact bed 500,000 or 600,000 gallons per 
acre per day; the trickling filter, on the other hand, easily treats 
2,000,000 gallons per acre per day, giving an effluent on the whole 
better than the contact bed, though not so good as the sand filter. 
It contains a considerable amount of suspended solids, and does not look 
as clear as the effluent from the contact bed. But the effluent analyzes 
well and keeps well, which are the principal points to be considered. 
Furthermore, its solids may be easily removed by a short period of 
sedimentation. 

Progress in England. — The early English results on what are called 
the biological methods — although the intermittent filter is a biological 
method, the name has been particularly applied to the contact and trick- 
ling systems — led first to the construction of contact beds. At Exeter, 
for example, the double contact system was installed. At London it 
was recommended that the sewage should be treated in septic tanks and 
single contact beds, although the plant has not yet been begun. At 
Manchester, experiments in 1899 ^^^ ^^ ^^ recommendation of septic 
tanks, with double contact beds ; and forty-eight acres of first contact 
filters are already in o^^eration. The second contact beds have not yet 
been built, and the work of the primary filters has not been altogether 
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factory, and probably will be used for a long time to come. West of 
the Alleghanies it is often impossible to install such filters, because 
the required areas of sand are not available. In the Middle West we 
generally find the septic tank combined with the sand filter, because 
it is thus possible to treat the sewage at higher rates. Contact beds 
and one or two interesting trickling filters have been installed in these 
regions. The question of sewage purification in the Middle West will 
largely be controlled by the results of the experiments just completed 
at Columbus. Columbus is the first American city — the Lawrence 
Station being, of course, a state institution — to approach the subject 
of sewage purification in a rational way. It bids fair to be the model 
sanitary city of the country, with unique and interesting systems of 
sewage disposal and water purification, and probably a fine garbage dis- 
posal plant as well. About a year ago the city called in Messrs. Hering 
and Fuller to investigate and report on the best method of sewage treat- 
ment, and appropriated nearly fifty thousand dollars for experimental 
work. A fine experiment station was equipped, in which studies were 
made of over 'forty separate methods of disposal. The experts have 
finally reached the conclusion that the best treatment for Columbus 
sewage is by the use of the septic tank, followed by the trickling filter 
and this again by sedimentation ; and they are now proceeding with the 
construction of what will be the largest plant in the country, including 
ten acres of trickling filters. This will surely lead to the construction 
of numerous similar plants in regions where conditions are similar to 
those at Columbus. 

Expcri7ncnts at the Technology Experiment Station, — At the Sew- 
age Experiment Station connected with the Massachusetts Institute of 
Technology experiments on the treatment of Boston sewage were begun 
a year before those at Columbus, but we are prepared at present to 
make only a preliminar}' report. We found, in the first place, that the 
sewage of the South Metropolitan District is a fairly strong city sewage 
— a sewage from a city sewered on the combined system, which receives 
street washings as well as household waste — peculiar only in that it 
' contains a somewhat large amount of suspended matter and considerable 
sea water, which backs up through leaking tide gates. The first prob- 
lem which always confronts the engineer in the disposal of sewage is 
the question of the removal of solids, and it is necessary to distinguish 
between two or three kinds of solids. In the first place, there are large 
floating objects, such as rags, bits of wood, etc., which must always be 
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exercise an unfavorable action on the sewage, producing pcnaonous 
substances which interfere with proper oxidation. At Andover in this 
state it has been found more difficult to treat sewage which has been 
septicized than crude sewage. In our own experiments we have found 
that sewage which has been septicized is much more difficult to handle 
than crude sewage. This appears to be largely due in our case to the 
presence of calcium sulphate from the sea water, which decomposes in 
the septic tanks and forms harmful compounds of sulphur. Such a 
condition must occur, not only in marine cities, but in some inland 
cities where there are hard waters. We are not quite prepared to 
say that the septic tank cannot be used in some form with Boston 
sewage. It may be possible by limiting the action to a brief period, 
or by subsequent aeration, to avoid hampering the nitrifying bacteria. 
Along those lines we are still experimenting. 

The third alternative to septic treatment or sedimentation is to put 
the sewage directly on the nitrifying beds, whether contact, sand, or 
trickling filters. The tendency in England is almost entirely against 
any such action. They think there that the septic treatment or very 
thorough sedimentation is absolutely necessary, and, indeed, with many 
sewages it is. Personally, I do not believe it is safe to say that it is 
necessary with all sewages. There is no doubt that if you do not do 
it you will get sludge in your sand bed, contact bed, or trickling filter, 
and that will sometimes necessitate the renewal of filtering material 
Also, there is no doubt that sludge is much harder to remove from 
the contact or trickling bed than from the septic tank. But, on the 
other hand, there is some evidence that the sludge is very much less 
in amount in the contact or trickling bed than in the septic tank, 
because the oxidizing processes going on in the tank consume a large 
proportion. The difficulty of sludge removal from the contact bed or 
trickling filter must be balanced against the cost of the installation and 
operation of the septic tank or sedimentation basin. Only experimenta- 
tion in each particular case will determine what method is most desirable 
for the sewage in hand. 

Disposal of Boston Sewage. — With regard to final purifying proc- 
esses, we have foimd in our experiments that crude Boston sewage can 
be treated in sand filter beds at quite a high rate, at the rate of 4CX),ooo 
gallons per acre per day. That rate, of course, is higher than could be 
attained in practice, because in our small experimental tanks we can get 
the sewage distributed very evenly over the surface of the beds, and be- 
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cause they are protected from the severity of winter. We are anxious, 
however, that the attempt should be made with filters in actual opera- 
tion to use higher rates than are now common on sand filter beds. We 
are inclined to think that the sand filter has never been pushed quite 
as hard as it might be. Of course, with higher rates you get more 
sludge on the surface, which will mean more costly operation. But it 
is a question whether it will cost much more to get 200,000 gallons 
through one acre than to get 200,000 gallons through two acres. With 
double contact beds we have found it possible to treat Boston sewage 
at a combined rate on two beds of 700,000 gallons per acre per day. 
Clogging occurs, which would probably render renewal of the first con- 
tact beds necessary at intervals of three or four years. Either of these 
methods would prove extremely costly for so large a city as Boston. 

In regard to trickling beds, our experiments have not yet been 
carried far enough to get definite results. With that particular process 
it is necessary to work on a large scale and out of doors ; so during the 
past summer we have constructed an out-of-door trickling filter, which 
will take 10,000 gallons of sewage in the twenty-four hours at the rate 
of 2,000,000 gallons per acre per day. The English results have shown, 
as I have already said, that the trickling filter can treat sewage at much 
higher rates than other processes, giving a very satisfactory effluent, and 
that the body of the beds is cheaper to construct. On the other hand, 
the difficulties are two — the distribution of the sewage and the possible 
bad effect on the beds of the severe winter climate in this country. The 
question of distribution is a very serious one. In Columbus they use 
a system of buried pipes, with sprinkler heads at intervals to spray the 
sewage over the beds. In our filter the sewage drops from a wooden 
trough into metal cups, and splashes from them over the bed. This, 
we think, is simpler than any other device in use, and we hope will not 
be as seriously affected as some others by the climate. At present, 
engineers need to develop a cheap and practical system of distribution, 
and need more light as to the effect of a severe winter climate on trick- 
ling beds with various types of distributers. If those two problems can 
be solved it seems that the trickling filter furnishes the best treatment 
of sewage known. If it is necessary to produce the very highest purifica- 
tion, the turbid effluent from this type of bed may be settled and steril- 
ized by copper or some other process, or may be strained rapidly through 
sand. In that way it is perfectly easy to make a bright, clear effluent 
at no very high cost. The trickling bed appears to be the ideal method 
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for solving the essential problem of sewage disposal, the oxidation of 
organic matter. It exhibits the simplicity of all scientific applications, 
which are merely intelligent intensifications of natural processes. A pile 
of stones on which bacterial growth may gather and a regulated sup- 
ply of sewage are the only desiderata. We meet the conditions result- 
ing from an abnormal aggregation of human life in the city by settinj]: 
up a second city of microbes. The dangerous organic waste material 
produced in the city of human habitations is carried out to the city of 
microbes on their hills of rock, and we rely on them to turn it over into 
a harmless mineral form. 
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THE CRUISERS 

By commander WILLIAM HOVGAARD, Royal Danish Navy 

Introductory 

The following discussion may be considered a continuation of my 
paper on "The Sea-Going Battleship," which I had the honor to read 
before this Society last year.^ 

Since then the great naval battle by Tsushima has taken place, and 
although the details of this battle are imperfectly known, several valuable 
facts stand out clearly. 

Perhaps the most important experience is that long-range fighting 
is possible to an extent not anticipated before the war, a direct conse- 
quence of which is an enhanced value of heavy guns as compared with 
guns of semi-heavy or medium calibers. This corroborates the opinion 
expressed in last year's paper, that the caliber of secondary guns should 
be chosen as near to that of the heavy guns as due regard to its char- 
acteristic features will permit. Guns of 9.2-inch or lo-inch caliber 
were then recommended, and it seems likely that the war experience 
will tend to hasten the development in this direction. 

Another consequence of long-range fighting is that the assumed 
average fighting distance, on which armor protection should be based, 
may be chosen greater than before, and that consequently armor thick- 
nesses may on the whole be somewhat reduced. The average fighting 
range, assumed to be 3,500 yards in last year's paper, may probably 
be increased to 4,500 yards, which would permit a reduction in armor 
thickness on the battleship of about i inch K. C. On the other hand, 
ships have been struck below the armor belt in several instances, and 
the armor weight saved by reducing the thickness should, therefore, 
partly be used tOi extend the depth of side armor below the water line. 
The inner lateral coal bunker bulkhead might also with advantage be 
strengthened as protection against torpedo explosions. 



1 Read at the thirteenth general meeting of the Society of Naval Architects and 
Marine Engineers, held in New York, November i6 and 17, 1905, and reprinted from the 
Transactions. Copyrighted by the Society. 

'Reprinted in the Technology Quarterly, 18, pp. 257-288. 



334 Commander William Hovgaard 

On the whole, the w'ar experiences, as far as known, have borne 
out the conclusions arrived at in last year's paper. The overwhelming 
importance of guns compared with torpedoes as armament for large 
ships has been proved ; the x-alue of a complete system of armor pro- 
tection, of rational and efficient water-tight subdivision, and of great 
initial stiffness have all been emphasized. (The Osljabja is reported 
to have capsized after having received the second shot wound in the 
water line.) The opinion that large size is necessary for a sea-going 
battleship has been confirmed. 

In passing from the sea-going battleship to the cruiser, the general 
principles explained and stated in last year's paper will apply with but 
few modifications to the cruiser. As an introduction some of those 
principles will here Ix; stated, and, where needed, their applicability to 
cruisers will be dii>cussed. 

1. The design should in every respect be based ox\ probable average 
conditions. 

2. The large ship may, due to greater load-carrying capacit)', be 
made superior to the smaller in speed, gun power, and protection ; but, 
moreover, it is inherently superior in point of nautical qualities, water- 
tight subdivision, economy of propulsion, and in the relation of sea 
speed to trial speed. These qualities are not subject to addition, and 
cannot, therefore, be comj^ensated for by a greater number of units. 

3. The armor protection should be •* corresponding '* to the 
armament, /. e.y it should be such as will enable the cruiser to keep 
up a long-continued fight with an equally powerfully armed antagonist 
under average conditions of fighting. 

This principle has in many cases not been followed in cruisers, and 
will probably be objected to by many. It is believed, however, that 
the arguments put forward in last year's paper, in the paragraph 
** Relation between Armament and Armor," will be found to apply to 
cruisers as well as to battleships, and, in fact, to all ships which carry 
artiller}' as the principal weapon. 

Also, the distribution of armor should in all classes of cruisers be 
in accordance with the principles stated for the battleship: — 

4. The armor protection should be proportional to the relative 
importance of the part to be protected. 

5. The protection of the ship should take precedence over that of 
the guns. 

In designing the location and extension of armor, we have even 
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If a ship with numerous poorly protected guns and no water line 
protection falls in with a vessel of similar design, it will depend on skill 
or on mere chance which of the two adversaries is first destroyed, since 
an effective shot at the beginning of the fight is likely to determine 
the issue. 

Such a design is, therefore, not based on average circumstances, but 
on superior skill or on mere luck. How mistaken we may be, one way 
or the other, as to the qualities of the personnel will be admitted, and 
the designer should, therefore, always consider these qualities as well 
as the chances of war to be even. 

Cruisers of the fast, small type will not in the performance of their 
principal duties need guns of large caliber, since the only enemies which 
they ought to fight are all lightly protected or unprotected ; but they 
do need some protection in order to fight such enemies, namely, that 
"corresponding" to the gims. If the system of protection is to be 
complete, this claim will, of course, put an early limit to the caliber. 

As to the number of guns, it is better to have a smaller number of 
properly protected guns than a larger number of unprotected guns. 

The closed turret installation seems here, as in the large ships, to 
be the best, in view of the innumerable fragments from high explosive 
shell, against which shields are only an imperfect protection. In the 
Russo-Japanese War the men behind gun shields were often badly 
wounded in their feet from such fragments. Shields should, therefore, 
only be used for the lightest gims, and the question of mounting 4-inch 
and even 3-inth guns in turrets on board small ships should be seriously 
considered. 

The system of water-tight subdivision recommended for the battle- 
ships can only be partly carried out in cruisers ; the relatively smaller 
beam, and in most types also the smaller displacement, imposes limita- 
tions, but the same general plan should be followed. Centre line bulk- 
heads should be avoided in cruisers still more than in battleships on 
account of the smaller metacentric height, and should be fitted only 
where necessary between engine rooms. Doors in the principal trans- 
verse bulkheads should be avoided. • 

Before entering upon a discussion of the type and design of cruisers 
which will be most suitable to existing conditions, a brief historical 
review will first be given, with a view of studying the relation between 
the development and the causes which have produced and governed it 
Thereafter these causes, as they exist now, and especially the present 
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speed was soon raised even to the level of earlier despatch vessels. In 
the Elswick cruisers also a heavy armament was carried {Esmeralda^ 
two lo-inch B. L. and six 6-inch B. L., 1884), but this was not done 
without sacrifice in seaworthiness (low freeboard) and in coal capacity. 
From this period dates the idea of using cruisers against or as 
a substitute for ironclads, advocated in England by Lord Annstrong, 
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in France by Admiral Aube. At that time many armor-clads presented 
weak points in their unprotected ends (Admiral class) or in their large, 
unprotected superstructures (French ships), and this new idea, there- 
fore, gained, considerable influence and even caused a temporary pause 
to be made in armor-clad construction in most navies. In a few years, 
however, rapid firers, high explosive shell, and the introduction of 
powerful secondary batteries in armor-clads put an end to this notion, 
as far as protected cruisers were concerned. 
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The proper duties of protected cruisers were more clearly realized, 
and with the introduction of rapid firers smaller calibers of guns were 
used in these vessels {Piemonte, six 6-inch R. F. and six 4.7-inch R. F., 
1888). 

The larger class of cruisers was generally protected on the same prin- 
ciple as the smaller {Mersey, Sfax, Chicago, all from the middle of the 
eighties), but the progress in ordnance made it increasingly desirable 
to give a better protection to the water line. Hence a still larger t)T)e, 
the so-called ^^ armored'* cruiser, was gradually developed, characterized 
by the combination of deck armor with a more or less extended side 
protection. 

The early armored cruisers were nothing but reduced copies of the 
battleships; the Vauban (1882) resembled the Amiral Duperri, the 
Orlando (1886) resembled the Admiral class. This seemed, indeed, 
perfectly logical, but in thi^ way these cruisers came to share the 
defect of the armor-clads of that time — a too great concentration of 
armor. 

The attempts made with armored cruisers had up till the end of 
the eighties been sporadic and not all of them successful ; but from 
about 1 890, after the construction of the French cruiser Dupiiy-de'Lomc, 
dates the permanent introduction of the armored cruiser. In order to 
understand this step in the development and the subsequent rapid 
gro\vth of the large cruiser, we must consider the peculiar and in 
some rcsj^ects unique position of the two leading countries. 

France considered herself at that time as the possible enemy of 
England and as her rival on the sea. The history of former wars, 
where French cruisers inflicted so much damage to British shfpping, 
had not been forgotten in France. Now more than ever before was 
the sea-borne trade the vulnerable point of England, for on it depended 
the economic life and even the food supply of the country. France 
also felt it increasingly difficult to comi)ete with England in the 
building of large armor-clads, and it was, therefore, natural that a policy 
of shipbuilding based on commerce destroying should find favor in 
France. 

A number of small, very fast, protected cruisers and a few larger 
vessels of same type had already been built or were under construction, 
with the main object of eventually preying uix)n British commerce in 
distant seas (Tagc, 7,600 tons, 1886; Cecille, 5,900 tons, 1888). 

It was, however, soon realized by the French that these large vessels^ 
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with their extensive unprotected sides, were too vulnerable in view of 
the widespread and violent effect of rapid firers and high explosive shell. 
Experiments on the effect of high explosive shell with La Belliqiieiise 
fully confirmed this opinion, and showed the necessity of giving a much 
more* extensive armor protection to the sides than had been given in 
the early armored cruisers. On the other hand, the thickness of armor 
would only need to be moderate (4 inches). 

These considerations led to the construction of Dupuy-de-Lbme 
(6,500 tons, 1890), which, besides an armor deck, had the sides com- 
pletely covered by armor up to the upper deck, and which was, 
moreover, a fast and well-gunned ship (heavy guns 7.6 inches). 

During the nineties France built several cruisers of the Dtipuy-de- 
L6me type. The extension of armor was somewhat reduced, and, since 
at the same time the armor of the battleships was extended more and 
more up the side, we find that at the end of the decade the distri- 
bution of armor on the French cruiser was essentially the same as 
that on the French battleship. Also the guns were similarly disposed 
and protected in the two classes. At the same time, however, large 
protected cruisers also were constructed in France, such as the commerce 
destroyer Guischen (8,000 tons, 1897). 

The Duptiy-dC'Lome found many admirers ; not only did it seem 
well adapted to commerce destroying in distant seas, but it also caused 
a revival of the idea of substituting cruisers for battleships. Admiral 
Foumier advocated for this purpose an enlarged Dupuy'dc-Ldmc^ and 
at the end of the decade a great step in size was taken by the con- 
struction of the first-class cruiser y^^;/;/^ d'Arc (11,300 tons, 1899). 
This ship was well suited to meet the large protected cruisers built 
by England in this period, but it was, in spite of its great size, entirely 
unfit for fighting battleships, for which purpose both its armament and 
protection were insufficient. 

England, on the other hand, in view of the strong development of 
the cruiser in France and elsewhere, realized the necessity of making 
si:)ecial efforts for the protection of her commerce. To every type of 
cruiser built in other countries, and especially in France and Russia, 
England replied with the construction of another tyi^e which was 
thought more powerful. Thus the Dupuy-de-Lome was followed i^-- 
England by the Blake and Blcnhcijn (9,000 tons, 1890-91) and th 
Edgar qS3&^ (7,350 tons, 1890), all of the protected type. Thus aroso 
the subdivision of the large cruiser class referred to above, and hence- 
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forth we have at least three classes — first, second, and third — of which 
again the first and second are divided into protected and armored 
cruisers. 

The English persisted through the nineties in the construction of 
cruisers of the protected type. In all classes size was increased in 
order to gain endurance, seaworthiness, and speed without reduction 
in military power, and a fleet of nearly eighty protected cruisers, largely 
of intermediate sizes, was constructed in this decade, ranging in displace- 
ment from 2,000 to 14,000 tons. The largest type was the Terrible 
(14,200 tons, 1895), built as a reply to the Russian armored cruisers 
Rurik and Rossia. 

The idea was to use large cruisers for protection of corpmerce by 
patrolling the open ocean ; second-class cruisers should be used for pa- 
trolling and eventually for convoying merchant ships in home waters; 
and the third class should be used chiefly as lookout ships. For the fur- 
ther protection of commerce, old armor-clads of reduced fighting value 
were to be used as convoys for merchant vessels in the East; they 
were, therefore, classed as armored " cruisers,** but this term must here 
be considered a misnomer, since they had nothing in common with 
cruisers, except that they were used for what was usually considered 
cruiser service. Many of the English cruisers carried 9.2-inch guns, 
and were in this respect more powerful than the French ; but on the 
other hand, their unprotected sides made them entirely unfit for stand- 
ing modem shell fire. Bearing in mind the standpoint of ordnance at 
the end of the decade, it is probably not too much to say that the pro- 
tected cruiser had by the year igoo become an obsolete type. Even the 
largest of this class of vessel was exposed to destruction by the guns of 
medium caliber with which both cruisers and battleships were provided. 

About that time the English finally abandoned the protected type 
of cruiser for all larger sizes, and adopted an armored cruiser type 
which in arrangement of guns and armor was very similar to the Eng- 
lish battleship. Both hull and gun bases received a better protection 
than in the protected cruiser. 

With characteristic energy England has in the few years since that 
time more than regained the lost ground by constructing a fleet of 
nearly forty powerful armored cruisers, ranging in displacement from 
10,000 to 15,000 tons. 

In the same period France has built a number of large cruisers of 
improved Jeanne cTArc type. 
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In both countries the development of the armored cruiser since 1900 
has been characterized by a rapid increase in gun caliber and by the 
distribution of guns and armor on a plan closely resembling that of 
the battleships in the respective countries. 

The armament is sufficiently powerful to inflict serious damage to 
battleships outside their heavy armor, and the protection is sufficient 
against guns of medium caliber, but for fighting heavy armor and heavy 
guns these ships are too weak. 
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The speed has been kept some 20 to 25 per cent, higher than that 
of the battleships. 

In the United States the development in this period has taken the 
same course. The Charleston class (9,7CX) tons, 1903) is, for its size, 
weakly protected and gunned (6 inches), and does not indeed differ 
much from the protected cruiser, with which it is actually ranked ; the 
Pennsylvania (13,680 tons, 1903) class is in both respects better pro- 
vided, but the armored area is restricted and the caliber of the heavy 
guns (8 inches) is small for a ship of so great displacement. The 
Tennessee class (14,500 tons, 1905) marks a great improvement, carry- 
ing heavy armor-piercing guns (10 inches) and having a rational system 
of protection. The approach to the battleship type as regards arrange- 
ment of armor and guns has here, as in the English and French 
cruisers, been completed, the difference between large cruisers and 
battleships being now in all navies only one of degree. 

The fighting capacity of the armored cruiser has reached a point 
which renders its participation in future fleet actions almost a certaint}'. 
We have already seen armored cruisers so used with great success at 
Tsushima, where some of them even went in line with the battleships. 
This contingency cannot fail to produce a further increase in military 
strength of these vessels, and has probably already contributed to the 
marked advance in this respect which has recently taken place. 

Since the year 1900 the construction of intermediate sizes of cruisers 
(second class), such as were built so profusely and in such great variety 
in the nineties, has almost ceased in the leading navies. 

It remains to describe the developriient of the third-class cruiser, and 
to show how the modem ** scout " type evolved. 

Small, fast cruisers, of displacements between 2,000 and 4,000 tons 
and of increasing speed, continued to be built during the nineties as 
before that time (Cincinnati^ nineteen knots, 1892; GaliUe and Pelo- 
ruSy twenty to twenty-one knots, 1896; Bojarin, twenty-two and one- 
half knots, 1900). The ships of this period carry a relatively heavy 
armament and protection, the high speed having been attained by 
cutting down weight of hull and machinery (boilers). The speed is, 
however, inferior to that of many large cruisers {Drake and County 
classes, twenty-three knots), especially in a seaway, and this type, 
although very useful, can therefore not be entrusted with scouting at 
great distances from a base. Thus arose the claim for a still faster 
type, the ocean scouty inaugurated by the Novik (3,000 tons, twenty-five 



The Cruiser 345 

knots, 1900). The high speed reached in that ship was obtained by an 
exceedingly light hull construction and low freeboard, by small weight of 
machinery (Thomycroft boilers) and small coal supply, while the battery 
was rather heavy (six 4.7-inch guns). In later types weight has been 
saved by reducing the gun power, as in the Pathfinder class (3,000 tons, 
ten 3-inch guns, twenty-five knots) and the Salem class (4,000 tons, two 
5-inch and six 3-inch guns, twenty-four knots). The former ty^xj has 
very low freeboard and small coal supply ; the latter has high freeboard 
and larger coal supply. The somewhat lower trial speed in the Salem 
class will probably be more than offset by its better sea-going quali- 
ties and relatively higher sea speed, but compared with recent armored 
cruisers the speed of the Salem class is still too low. Only by a fur- 
ther increase in displacement does it seem possible to obtain a type 
which combines sufficient speed with great endurance and seaworthiness. 
Side armor is here used for the first time in third-class cruisers, but 
only as a belt of very limited extension. 

SYNOPSIS OF HISTORICAL REVIEW 

Summing up the various causes which have been operative in the 
development, we find first a natural tendency to growth in size in 
accordance with the principle stated at the beginning of this paper; 
and secondly, a development due to general technical progress. Both 
of these causes are still active and may be expected to produce in future 
the same tendency to increase in size and progress in quality that has 
characterized the past. 

The controlling factor in the determination of types, and also largely 
in the development within each type, has, however, been the require- 
ments of the service ; but the teachings of history are here, on account 
of the peculiar strategical and economical condition of the leading coun- 
tries, not of general application, and conclusions can therefore only be 
drawn with great discrimination. 

As is evident from the brief historical review, the importance of the 
purely military duties incumbent on cruisers has in England and France 
been overshadowed by the attention which has been given to protection 
of and attack on merchant vessels. Chiefly on basis of this service, types 
have been determined, and the example of the leading navies has gener- 
ally been followed by other navies, in many cases rather indiscriminately. 

Expediency and opportitnisjn have also played a great part in the 
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development, such as must indeed always be the case. . Thus there 
has always been a tendency to meet each new class of vessel created 
by a rival navy with another still more powerful. This tendency has, 
for instance, been very marked in the English navy. 

General Remarks on Choice of Types 

Since, on the whole, the tactical and strategical duties, on which, 
ultimately, the issue of campaigns depends, have received but secondary 
attention in the past by the determination of cruiser types, we cannot 
expect that the existing types should be the best for such service. 
Even granting that they are necessary for countries for whom war on 
commerce, whether offensive or defensive, is an all-important consid- 
eration, it seems improbable that they should be the best general types, 
even for such countries. For other countries, such as, for instance, 
the United States, for whom war on commerce is unimportant, it is 
likely that types chosen directly or indirectly on basis of such warfare 
will be more or less unsuitable. 

We cannot, therefore, in this matter safely go by precedent, but 
must study the question of types on independent grounds, by first 
considering all the duties which cruisers will have to perform and by 
assigning to each kind of duty its proper weight, according to the 
needs of the country. 

Since control of the sea must always be the ultimate object of 
naval warfare, and since this can only be attained by defeating or 
effectively blockading the enemy's main force, the consideration of the 
purely militaiy duties should in all navies take precedence over tliose 
relating to commerce protection and destroying^ etc. On this principle 
the types ' should be chosen, and we shall, therefore, in the following 
commence the discussion with a study of types suitable for the former 
service, and thereafter examine whether and to what extent it will be 
necessary to create special types for the performance of the latter 
service. 

In land warfare small bodies of cavalry may one day act as 
mdependent patrols or scouts and the next day they may form an 
intcgnd part of a regiment, but in naval warfare no such integration 
of the units can be effected ; no number of small cruisers can, by 
acting together, become the equivalent of a large cruiser. Each type 
has its limitations in use, and the more so the smaller it is; once we 
have created a type we have to accept its shortcomings. 
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{b) Support and Assistance of Smaller Cruisers. — By scouting, safety 
service, and blockade of military ports smaller cruisers are detached to 
advanced positions, and will here need the support and assistance of 
more powerful ships, behind which they may seek shelter if needed, and 
which will generally assist them by taking an active part in their service. 

Such supporting ships will need high speed in order to avoid being 
cut off by the enemy's battleships. High speed will also enable them 
eventually to chase the enemy's cruisers, and will be generally useful 
in the service here described. The fighting power should not be less 
than that of armored cruisers. 

(c) Reconnaissafice in Force, — When a battle is imminent it is often 
of the greatest importance to ascertain the strength and position of the 
enemy (Rojestv^ensky and Togo). This information cannot always be 
obtained without breaking through a screen of light and possibly ar- 
mored cruisers, and such reconnaissance requires for its performance 
ships of high speed and great fighting power. 

(d) Independent Expeditiotis. — Frequently it is required on short 
notice to send ships out to distant stations, as in case of military 
demonstrations or operations of smaller magnitude. Often considerable 
fighting power is required in order to meet all possible contingencies. 
Also, high speed and great endurance are here needed. 

CHOICE OF TYPE 

Comparing the relative importance of the duties assigned to large 
cruisers, it will probably be admitted that the tactical duties in fleet 
actions must be ranked above duties pertaining to reconnoitring, not 
to speak of the incidental service which in times of peace and war may 
be entrusted to cruisers. 

A great naval power must therefore, first of all, possess cruisers that 
are perfectly suited to the former service, and it has already been 
stated that such vessels should simply be fast battleships. A reduc- 
tion in gun caliber and in protection, as found in the ordinary armored 
cruiser, would make the type essentially inferior to the battleship. 
A reduction in number of heavy guns, retaining the caliber the same 
as in the battleship ( Vittorio Emmanuele), seems irrational, since the 
saving in weight hereby attained will only be small if the protection is 
not to be sacrificed also. 

But if armament and protection are to be exactly the same as in the 
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other type, be entrusted with independent expeditions to distant 
stations, as, indeed, with any detached service. 

The only serious objection to this new type appears to be its great 
cost and the consequent small number of units that can be built for 
a given expenditure, but consideration will show that for the most 
important of the military duties stated above it is concentration of 
power, and not a great number of units, that is wanted. 

Hence it is concluded that, at least for all strictly military service^ 
the armored cruiser should be abandoned, and a new^ more pawetful 
type^ the battleship-cruiser^ put in its stead. 
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For strategical reconnoitring independent scouting parties are often 
sent out so far from their base or from • the main fleet that no com- 
munication can be kept up with it, but in such case the scouting 
squadrons should be accompanied by one or more heavier cruisers. 

The type suitable for scouting must possess a sea speed sensibly 
higher than that of the armored cruiser ; it must have great endurance 
and therefore large fuel capacity, and the. machinery must not be too 
fragile. Seaworthiness should be such as to allow long-continued sea 
service without undue straining of ship or crew. The battery should 
be sufficiently powerful for fighting other scouts on even terms and 
for dealing effectively with all torpedo craft. 

(b) Safety Service^ which might also bo called passive reconnoitring, 
is a strictly tactical service performed by a line or screen of vessels 
disposed like advanced guards or outposts in front of the main fleet 
at a moderate distance, and always in touch with it. The main fleet 
may be under way or at anchor. The duty of these vessels is to pre- 
vent an enemy from approaching unobserved and to drive back scouts 
or torpedo craft which try to break through the line. On the approach 
of a more powerful enemy they are supjxjsed to withdraw until they 
receive assistance from supporting vessels in rear or from the main 
fleet. 

To the same kind of service belongs also obser-oation of a blockaded 
enemy (Port Arthur). 

Safety service does not require so high speed or so great endurance 
as scouting; but these qualities, as well as seaworthiness, should be 
present in a measure which will enable such vessels to follow the battle- 
ship fleets under all circumstances. The armament should be distinctly 
sui:)erior to that of the scouts, the duty of these vessels being not only 
observation but also resistance. 

{c) Despatch So-vicCy carrying important despatches to or from the 
commander of a fleet, etc. For this service high speed is the essential 
requirement, and it may, therefore, generally be performed by scouts 
or by torpedo vessels. 

((I) Independent Scfince, — For the same kind of detached service 
as mentioned for large cruisers, also smaller cruisers will frequently be 
useful both in time of peace and war. Under most circumstances the 
types used for scouting and safety service will also be suitable for this 
service. 
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THE SCOUT 

The scout is, according to the above, characterized by very high 
speed, great endurance, and perfect sea-going qualities. 

In settling the speedy it should be borne in mind that the trial speed 
taken by itself is only a very imperfect measure of a ship's cruising 
capability. 

By cutting down hull weight and machinery weight, and by forcing 
the boilers, extreme trial speed may be attained, but it is clear that, 
if the ship and machinery are to stand the strain of long-continued sea 
service, there must be a limit in this respect beyond which we ought 
not to go. This limit can only be determined, in accordance with the 
claims stated above, by competitive endurance tests of long duration, 
undertaken in company with armored cniisers under what may fairly 
be considered average conditions of sea on the ocean. Under such 
conditions the scout should be able to escape from the armored cruisers, 
showing an appreciable excess in speed. 

In the absence of such tests we must use the imperfect measure of 
a maximum trial speed on the mile, which at present should probably 
not be less than twenty-five knots. 

Turbine machinery should be used. Since the usefulness and safety 
of this class of ship depend as much on the endurance as on the speed, 
it is essential that it should be given a great fuel capacity. High speed 
is of little use if a limited supply of fuel forces a ship to go at a very 
reduced speed in order to reach its p^nnt of destination {Novik). 

The fuel supply should be proportioned, not to the displacement, but 
to the power, and this ratio should not fall much below what it is in the 
armored cruisers. 

A supply of liquid fuel for mixed combustion should be carried. 

In last year's paper it was pointed out how size, length, and free- 
board depend upon speed if good nautical qualities are to be secured ; 
these remarks apply with equal force to the cruiser. 

For maintenance in the long swell of the ocean of such high speeds 
as here required, the length of the scout should not be much less than 
that of its natural enemy, the armored cruiser (eventually the battleship- 
cruiser), 1.^., it should approach 500 feet. 

Also the freeboard must be about equal to that of the armored 
cruisers, 16 to 18 feet amidships, giving two complete decks above 
the protective deck ; and in order to permit still higher speeds than the 
armored cruiser, a low forecastle should be added. 
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Since many fast cruisers arc now armed with 4-inch guns {Hamburg, 
and since this caliber is also well suited for fighting torpedo destroyers, 
a battery of 4-inch guns seems appropriate for ships of this class. An 
armament of two submerged torpedo tubes should be carried besides. 

The armor protection should, in accordance with the principles stated 
at the beginning of this paper, be distributed as in the battleship, and 
should ** correspond " to the gun caliber. The extent and thickness of 
armor are settled on basis of certain average conditions of fighting, which 
by way of illustration are here chosen as follows: — 

Average fighting distance, 4,500 yards. 

Average angle with beam at which projectile strikes the ship, 30°. 

Average angle of fall to horizon, 5°. 

Average angle of roll of ships, 8°. 

If we are to protect the ship under these conditions against the fire 
from 4-inch gims, we arrive at a water line belt of i^-inch nickel steel 
extending all along the vitals, Surmounted up to the gun deck by a 
strake of | inch of the same material. Transverse protective bulkheads 
of |-inch thickness should be placed at extreme ends of ammunition 
rooms forward and aft. The splinter deck being of the usual sloping 
type would, if we take the coal protection into account, only need to 
be ^ inch thick, both on slopes and top ; the guns to be protected by 
2-inch shields, or preferably mounted in twin turrets. 

According to recent war experience, special attention should be 
given to the protection of the steering gear. Coal protection has 
shown itself to be very efifective, and should be made full use of in 
the arrangement of bunkers along the sides. 

By comparison with existing scouts it is found that, if the claims here 
stated are to be fulfilled, the proposed type must have a displacement of 
about 5,000 tons. 

It does not appear necessary that ships of this class, even in a 
great navy, should be very numerous. For scouting, a few vessels well 
equipped for this service are to be preferred to a greater number of 
vessels more or less handicapped by their smaller size in point of sea 
speed, endurance, and sea-going qualities. It is not here as in safety 
service a question of covering a given line of observation, but of piercing 
such a line at one or a few points. 

CRUISERS FOR SAFETY SERVICE 

The type required for this ser\- ice comes very near to the ordinary 
third-class cruiser possessed by all great navies. 
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The safety service will generally consist in patrolling a certain area 
or an arc round the main fleet at a distance which permits keeping 
touch with it. A trial speed of about twenty knots will probably be 
ample for the jxirformance of this service, and this speed will also 
enable these vessels to follow a battleship fleet under all circumstances. 

The ratio between fuel supply and horse power should not fall 
much below that in the battleships with which these cruisers are to 
operate. 

Turbine machinery and liquid fuel for mixed combustion should be 
used. 

There should be one complete deck above protective deck, with 
poop and forecastle ; freeboard amidships about 10 feet. 

The armament should consist of four 5 -inch guns and a battery of 
3-inch guns. The 5-inch guns will make these ships superior to most 
scouting cruisers. They should be mounted on poop and forecastle in 
twin turrets. Two submerged torpedo tubes should be carried. 

The protection corresponding to the armament, under the same 
average conditions as assumed for the scout, would be : — 

Water line belt, 2-inch nickel steel along vitals, |-inch beyond vitals. 

Strake above belt up to main deck, |-inch nickel steel for length 
of vitals. 

Protective deck, |-inch nickel steel all over. 

Bulkheads at end of vitals, |-inch nickel steel. 

Turrets, 3-inch armor. 

The displacement of such ships would be about 3,000 tons. 

Being powerfully armed and well protected for their size, these 
vessels will be formidable enemies for all scouts and lighter craft, and 
being well suited for many of the various duties which a navy has to 
perform outside of the tactical service, they will be of great general 
usefulness. In order to make the safety service effective a great 
number of patrolling vessels is required, and vessels of this class must, 
therefore, be much more numerous than those of the scout class. 

B. Cruisers for Other than Tactical and Strategical 

Duties 

The principal of these duties may be defined as follows : — 
(d) Protection of Merchant Shipping, — When the military navy 
is much inferior to that of the enemy, protection of commerce is im- 
possible. If it is of about even power or superior, but the enemy is 
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still unbeaten, and, even if blockaded, protection of commerce is \tvj 
difficult to carry out, and is probably best effected by convoys^ whereby 
large fleets of merchant vessels are gathered and accompanied by an 
escort of warships. Such convoying force must, however, in most 
cases consist not only of cruisers but also of battleships; and this 
method, whereby the naval forces are divided, and which is always 
attended with great risk, would, therefore, hardly be resorted to except . 
in cases where such transport of goods is of vital importance to the 
country. (Convoy of food supplies from United States to France, 

1794.) 

Only after the naval power of the enemy is completely broken can 

there be question of an effective protection of commerce. The escape 
of cruisers from blockaded ports is, however, always possible, and if 
they find support, and notably facilities for coaling in their own sta- 
tions or in the ports of a friendly Power, they may for a long time 
prey upon commerce. The best protection against such depredation is 
probably patrolling cruisers: on the ocean, large cruisers of great 
endurance, distributed for patrolling the important trade routes, and 
occasionally used as convoys; in narrow seas and near ports, where 
trade routes converge, more numerous but smaller vessels of less 
endurance, covering the whole of the threatened area. The former 
type must carry an armament enabling it to fight armored cruisers; 
the latter should be capable of driving off all light, fast cruisers. 

(b) Commerce Destroying. — For commerce destroying on the ocean 
cruisers of high speed and great endurance are required ; near a base 
smaller vessels with less endurance may be used. The speed should 
be sufficient to enable them to escape from larger cruisers. Since 
fighting with other warships should generally be avoided, the armament 
may be very light. 

(c) Blockading of Co^nmercial Ports. Visitation and Search of 
Merchant Vessels, — In order to catch blockade runners and to carry 
out visitation and search so as to prevent contraband of war being 
carried to the enemy's ports, ships of high speed and light armament 
are needed. 

CHOICE OF TYPES 

For protection of shipping on the ocean no better type could be 
conceived than the battleship-cruiser; its high, sustained speed and 
superior fighting power will make it a dreaded enemy for all other 
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A reversal of this order of precedence can only be made to the detriment 
of the general usefulness of a navy. 

This jxjlicy, being based on fundamental strategical principles, should 
be followed by all countries. 

For a country like the United States, which has little comtnercc on 
the ocean to protect, and to which the iticoftclnsive and uncivilised method 
of warfare called commerce destroying is not likely to appeal, it appears 
that the shipbuilding policy should be directed exclusively towards purely 
military objects. 

By an analysis of the duties which belong to cruisers in a war 
between military navies, it should be determined which of these duties 
are the most iniix)rtant, and on basis of these the proposed tj-pes of 
cruisers should be chosen. This is what has been done in the paper, 
with the result that a few types appear to be sufficient for all strictly 
military duties, viz. (see Plate 4) : — 

1 . Battleship-cruisers of same military strength as ordinary battle- 
ships, but of higher sjxied (about 20,000 tons, twenty-one knots). 

2. Scouts of extreme speed, great endurance, perfect sea-going 
capability, and light armament (about 5,000 tons, twent}'-five knots). . 

3. Small cruisers of moderately high speed, fair endurance, rela- 
tively powerful armament and protection (about 3,000 tons, twenty 
knots). 

The first two types are required only in small number, the last type 
in greater number. 

The building of other special types, not perfectly suited to the 
primary service of a na\y, implies reduced military strength and 
increased expenditure, and should be adopted only where absolutely 
necessary. 

T/te present type of first-class cruiser ( Tennessee, Minotaur^ and 
Edgard Quintet), although useful in many cases ^ does not seem indis' 
pensable for any particular sennce, and is ill suited for its most 
important duty, participation in fleet actions, and it should^ therefore^ 
be abandoned. 

Second-class cruisers appear to be useful or necessary only to those 
navies which, like the English, have a great ocean trade to protect. 

For a navy like that of the United States it would, therefore, seem 
unnecessary and uneconomical to multiply cruiser types beyond the 
three here proposed. 
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APPENDIX 



Comparison between Deck Armor and Side Armor 



The treatment here given of this problem is an extension of that 
found in the Appendix of last year's paper on " The Sea-Going Battle- 
ship/' It is more complete, giving the general solution under any 
direction of trajectory of projectile, and any angle of heel of the ship, 
and it is believed that by a judicious choice of the involved elements, 
so as fairly to represent average conditions, this treatment will enable 
us to form a tolerably correct idea of the relative value of deck armor 
and side armor as protection against armor piercing. 

The deck is supposed to be of the sloping type with flat top, and 
in comparing the weight of deck armor with the weight of equivalent 
side armor, the sloping armor on each side is compared with a water 
line belt on each side, carried up to such a height as to shelter the 
slope under the assumed angle of heel, fall, etc. In case of the flat 
part of the deck, account must be taken of the fact that it offers pro- 
tection against fire from both sides, being in this respect superior to 
side armor, which must always be duplicated in order to shelter a 
given section of the ship. As an equivalent of the flat part we must 
therefore reckon a strake of side armor on each side above the belt. 

The knuckle lines of the protective deck are supjx)sed 
to run parallel to the sides of the ship and nearly straight, 
an assumption which is very nearly correct for that part 
of the ship which contains the vitals. 

The plane of trajectory is supposed to form an angle 
9 with the athwart ships 
plane of the ship, and 
the angle of fall rela- 
tive to a horizontal 
plane is a. 

The ship heels over an angle /8. 

Let /8' = angle between a hori- 
zontal Ifaie in the plane of trajectory 
and the flat deck. 

TTiis angle is found from the 
spherical triangle ADE (Fig 2) : — 

sin ff = cos (f sin 0. (i) 
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Hence fTj = T^H = T^ ar cos if' [tan ^ -|- sec g) tan ^\ 

IVq= T^a sec 6, 

W 
:. -^ = r cos cos 'qp' [tan ^ -|- sec g) tan -^'J, (8) 

which gives the desired relation between the weight of side armor and 
the equivalent armor on the slope. 

Comparison between FLat-Deck Armor and Side Armor 

ABOVE Belt 

Using the same suffixes as above, but small letters, we find:— ^ 

/ = // cos iq)'. 

» 

•"• h = ^0 '^ ^^s «q)'. 

w^ = t^h =^ /q br cos 'g)' sec 9) tan '^'. 

Wo = /o *• 
.'. — = r cos *g)' sec 9 tan y^\ (9) 

In order to obtain an idea of what these formulae really mean, we 
must work out numerical examples, and in doing so the different angles 
are chosen so as to correspond to what is believed will be average 
conditions of fighting and of rolling. 

Assume : — 

Angle between plane of trajectory and athwartships plane^ xp = 30®, 



Angle of M = j ^^'^^.''- 
Angle of slope of armor deck, 6 = 30®. 



I. Battleship or Battleship-Cruiser 
We here find : — 



/8 5° 

a — 2° 


S' — 4° 20' — 30° 
a — 2° /3— 5° 


J^-3S° 
a— 2° 


x* = 29° 48' 
a— 2° 


f-7° 

<p — 30°, 


yjr' 6° 20' X 35° 
<f' — 30° 3S'- 


7-37° 


y _ 3i» 48' 
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For the sloping deck, where the angle at which the deck is struck 
is \ '-— 

7' = 31° 48', 

we find from the curve (Technology Quarterly, 18, page 282) that 

r= 1.9. 

For the flat deck we find, corresponding to 

^' = 6° 20', r= 5.3; 

and hence from (8), W^ = .927 Wq, 

and from (9), w^ = .543 Wq, 

Ordinarily the armor on the slopes is about twice as thick as on the 
flat deck, i.e., Tq = 2 Z^, and, roughly, 6 = 4 a, 

:, IVq= TqU sec = ^ bt^ sec 30° = .577 w^ 

Total weight of armor deck = 2 IVq 4" ^0 =2.15 w^. 
Total weight of side armor = 2 [ H^i + ^i] = 1-854 ^0 + 1.086 w^> 

= 2.15^0, 

which shows that under the assumed conditions the weight of protec- 
tive deck armor in a battleship is the same as that of the equivalent side 
armor. 

To the weight of side armor should, however, be 'added that of the 
armor bulkheads, which it is necessary to place at the end of the vitals 
in order to complete the protection by vertical armor. It is found that 
this addition is, in battleships, under the assumed conditions about 5 per 
cent, of the weight of the side armor. 

2. Small Cruisers 
We find : — 

a = 5° a =5° /3= 8° a= 5° a = 5° 



^=13° ,/r'=ii°55' ^=38° 7 = 43"" y' = 37''iS' 

^ = 30°, qp' = 32° 5'. 

Corresponding to 7' we find for the sloping armor, r= 1.7. 

Corresponding to yjr' we find for the flat armor, r = 3.8. 

From (8), W^ = .943 W^o- 

From (9), zt/j = .723 w^. 

Assume 7Jj = 2 /^ and ^ = 2.5 a, then 

Wq = .924 Wq. 
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Total weight of armor deck = 2 If^ + Wq = 2.85 w^^. 

Total weight of side armor =: 2 [ li^j + w^ = 1.886 H^ -|" 1446 ^o 

= 3-i9«^o- 
weight of side armor 



weight of deck armor 



= 1. 12, 



i.e,^ the equivalent side armor is 12 per cent, heavier than the deck 
armor in a cruiser under the given assumptions. The addition which 
must be made for armor bulkheads is, in the cruiser, found to be about 
3 per cent, of the side armor, bringing the total excess percentage for 
vertical armor up to about i $ per cent. 

While, therefore, in battleships vertical armor and deck armor stand 
about equal, the deck armor shows in small cruisers an appreciable 
superiority, as far as armor piercing is concerned. 

As stated in the paper, this superiority is, however, more than offset 
by the circumstance that deck armor does not prevent shell from enter- 
ing the ship and exploding inside ; it leaves the side liable to be torn 
open by high explosive shell, and does not protect the buoyancy and the 
stability to the extent that the same weight of side armor would do. 

It is, therefore, concluded that the greater part of the armor weiglU 
slioidd be coftcentrated on the sides in all classes' of warships, and no 
more weight be given to the armor deck tlian necessary to its function 
as a splinter deck. 
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SUBMARINE SIGNALING 

By henry R. GILSON 
(Read November 9, 1905) 

Twenty years ago little was known about the transmission of sound 
under water, so little, in fact, that the inventors of the system had to 
commence at the beginning to demonstrate various principles in order 
to furnish a working basis. It was known that sound traveled through 
water at a velocity over four times as great as through the air. Practi- 
cally nothing was known concerning the effects of temperature, currents, 
depth, etc., upon the sound wave. No experiments of value had been 
performed in salt water, little was known of the effect of salt water 
upon the different metals, nothing could be learned as to what sounds 
were the most far-reaching under water, and, although some few experi- 
ments had been performed with bells many years before, yet the proper 
proportions of the bell as a sound producer, such as the best pitch, 
weight, thickness of sound bow, weight of clapper, striking point, 
energy to be imparted to the clapper, method of suspension, etc., were 
a complete mystery. The inventors attacked the problem with great 
energy, and although many times discouraged at the results obtained 
they worked faithfully and consistently toward an end which to them 
must have seemed far distant. 

In 1826 Colladon and Sturm made a series of experiments at Lake 
Geneva to determine the velocity of sound in water. They suspended 
a bell, weighing about 150 pounds, $ feet under water from the side 
of a boat, and struck it with a hammer attached to the end of a lever. 
The lever was equipped with such mechanism that it ignited a handful 
of powder at the instant the hammer struck the bell. Stationed in 
another boat they listened for the bell sounds, propagated beneath the 
surface, which were conveyed from the water by a cylindrical tube of 
tin, one end of which terminated in an orifice for insertion in the ear, 
the other being spread out somewhat in the form of a spoon. With 
this simple apparatus, by placing the large end a few feet under water, 
Colladon was able to hear with perfect distinctness the blows of the 
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hammer on the bell across the widest part of Lake Geneva, when the 
calculated distance between the two boats was not less than eight miles. 
The sounds were as distinct and brief at eight miles as at one-eighth 
of a mile from the bell. One set of observations was made during a 
strong wind, the lake being violently agitated, and yet in spite of the 
noise of the waves which struck the receiving tube he took his observa- 
tions with the same accuracy as when the air and water were still, and 
he says, " I am convinced, by employing a larger bell and improving 
and enlarging the hearing apparatus, that easy communication could be 
effected beneath the surface of the water up to forty or fifty miles.*' 

It appears from subsequent experiments that temperature causes 
considerable variation in the rate of transmission even in fluids, though 
far less than in gases. In practice, however, this variation is negligible. 
Currents or tides also produce more or less variation in the velocity of 
the sound through the water. According to theory, but not yet proven 
by experiments, a sound should be heard in water farther against a sur- 
face current than with it, because the sound would travel slower on the 
surface against the current, and thus the lower sound waves would be 
refracted upward, extending the range. Conversely, sound traveling 
with a surface current should move faster on the surface than below, 
and would therefore bend downward, decreasing the range. A sound 
wave moving across a current would be refracted to the surface up 
stream and refracted to the bottom down stream. The angle at which 
the observer should be stationed in his relation to the source of the 
sound and the direction of the current, in order to get the sound as 
he would in still water (or, in other words, to escape a refraction), 
would depend upon the velocity of the current and the temperature, 
but it would always be more or less up stream. However, it is evident 
that whatever may be the velocity of the current, whatever its tempera^ 
ture or direction, the sound signal must be so powerful that it can be 
heard to a sufficient distance to warn mariners of their danger. 

Sound signals in air constitute so large a factor of safety to the 
navigator that the scientists attached to the lighthouse establishments 
of the various countries have given much attention to their protection 
and perfection. The success of the United States has been such that 
other countries have sent commissioners here to study our system. 

It has been demonstrated that any signal sounding in air cannot 
be considered reliable at all times, that there are variations of the 
atmosphere which decidedly affect the audibility of the signal, and 
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sound appears to be entirely absent. Thus, in moving from a station 
the sound is audible to the distance of a mile, is then lost for about the 
same distance, after which it is again continuously heard for a long 
time. This action is common to all ear signals in air, and has been 
at times observed at all stations, at one of which the signal is situated 
on a bare rock twenty miles from the mainland, with no surrounding 
objects to affect the sound. Fog does not seem, so far as experience 
goes, to be a factor of any consequence whatever in the question of 
sound. Signals may be heard at great distances through the densest 
fog which may be entirely inaudible in the same direction and at the 
same distance in the clearest atmosphere, it is not meant by this 
statement that fog may assist the sound, as at another time the signal 
may be absolutely inaudible in a fog of like density where it had 
before been clearly heard. That fog has no great effect can easily 
be understood when it is known that even snow does not deaden 
sound, there being no condition of the atmosphere so favorable for 
the far-reaching of sound signals as is that of a hea\y northeast snow- 
storm, due, supposedly, to the homogeneity produced by the falling 
snow. The worst conditions for hearing sounds seem to be found 
in the atmosphere of a clear, frosty morning, on which a warm sun 
has arisen and has been shining for two or three hours. If the law 
of these aberrations in audibility can be evolved and some method 
discovered for their correction, as the variation of the compass is 
corrected, then sound in air may be depended upon as a more definite 
and accurate aid to navigation. 

It is at all times interesting to note the success of an American 
invention in the world's markets. Conspicuous in this Une at present 
is the device for submarine signaling, which was invented several years 
ago, and which has since gone on attaining success, until now a number 
of transatlantic liners are equipped with the receiving apparatus and the 
eastern coast of Canada has been fitted out by the Dominion govern- 
ment with the signals. The first experiments along this line were 
made, as heretofore mentioned, by Colladon and Sturm on Lake 
Geneva early in the last century. These tests measured the speed of 
sound in fresh water, but made no other important contribution to the 
subject. For sixty years no attention seemed to have been paid to 
the matter. With the advent of the microphone and Ihe speaking 
telephone, however, \'arious inventors in England, notably Edmunds, 
Neale, Smallpage, and Lake, made serious theoretical excursions into 
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The method of ascertaining direction by means of submarine agnab 
is very interesting. 

Figure 5 shows the ship heading north when first observation is 
taken. The fainter sound heard on the port side of the ship proves 
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FiC. 5. — DlRKCnON-FlHDlNO DiAOKAM 

that the bell must be somewhere on the starboard side, where the 
sound is relatively louder ; thereftx'e, half the circle is shaded to indi- 
cate that it does not contain the bell. The ship now turns to starboard 
90°, heading east ; and the fainter sound being still on the port ^de 
the shading is extended, leaving only one-quarter of the circle to ex- 
plore. The ship turns 45°, heading southeast, and the fainter sound 
is now heard on the starboard side and the shading is again extended, 
thus showing that the bell is somewhere between east and southeast. 
Turning the ship back zzj", the bell is heard equally well on both 
sides, thus indicating that it is dead ahead. As the ship sails toward 
the bell the sound steadily grows louder, thus confirming previous obser- 
vations. With a little practice it is possible to ascertain the location <A 

F1G.6.— Church Bell Subuaunb Bbll 

the bell within one-quarter of a point of the compass. This is being 
done constantly, and even more accurate locations have been found. 

The range of the bell varies according to size, the energy put into 
the clapper striking the bell, and other conditions. 
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Figure 7. This has its mechanism enclosed in a case directly over the 
bell, which is suspended 25 feet under water. The method of opera- 
tion is simple, and it has proved to be durable under all conditions. 
Air is supplied to the bell mechanism by means of a small compressor 
operated by steam in the engine room. The apparatus requires but 
little attention, and the intensity of sound produced by it seems to be 
greater than that hitherto used. 

As all dangerous shoals and coasts are not indicated by lightships, it 
has been found necessary to submerge a bell by means of fastening it to 
a buoy suitably anchored, or of mounting the same on the bottom of the 
sea. The latter case I will take up first. The first experiment along 
this line was that of the 1,000-pound electric bell heretofore mentioned 
Two years elapsed before anything else in this direction was done, and 
then it was decided to establish an experimental station at Point Aller- 
ton. Permission was obtained from the government, and the work pro- 
gressed rapidly. It was decided to mount an electric bell in the main 
channel directly between Boston Light and Boston Lightship, about 
two miles and a quarter from Point Allerton. A small house at AUer- 
ton was obtained for a power station, equipped with the necessary 
apparatus, and an armored cable was laid from this station to the point 
in the harbor desired. A bell mount of the tripod type was built, and 
an enclosed type of bell placed there. The weight of the apparatus 
with the bell attached was about four tons. The cable was fastened to 
one of the legs of the tripod and connected by suitable junction boxes 
to the bell. Within the case of the bell was a powerful electromagnet 
directly connected to the clapper arm of the bell. By means of a 
controller in the station on shore any code could be rung. 

The armored cable contains four wires ; two convey the current to 
and from the magnet in the bell, and the other two are connected at 
the bell end to a telephone transmitter in the case of the bell, and 
at the shore end to an ordinary telephone receiver in the station. 

The switchboard is fitted up for the attachment of duplicate sets of 
bells, engines, and controllers, so that if one set of apparatus gives out 
the other may be immediately switched in without loss of time, thus 
ensuring a constant signal. The enclosed bell remained in operation for 
a considerable length of time, and was then taken up to give way to 
an experiment on a different kind of bell. This was the ordinary open 
style, weighing about 160 pounds, and the same type of mechanism 
operated it as was used in that of the enclosed bell. This is at the 



380 Henry R. Gilson 

Did space permit, I should consider various other uses of the 
submarine signal, but I have given those which will appeal to all as 
being a great step in the right direction for the safeguarding of lives 
and shipping. 

An interesting feature of the submarine signal is that sound will 
not travel from air into water or from water into air to any extent 
The medium in which the sound is produced must be practically the 
same as that in which the wave is transmitted. If a bell is submerged 
in a tank full of air and no water allowed to enter, its strokes can be 
heard only in the immediate vicinity. A person standing on the deck 
of a ship from which a submarine bell is suspended can distinctly hear 
the strokes, but by moving away a distance of two or three hundred 
yards the sound will scarcely be audible. 

The design of the different kinds of apparatus for mounting and 
operating bells brings up many problems, about which much of interest 
might be said. Suffice it to say that in dealing with the elements we 
are working against tremendous forces, and ones which cannot be 
overestimated in the design and calculation of machines to be so 
constructed as to resist their action for a considerable period of time. 

With regard to the progress made in the adoption of the submarine 
signal the past year, a few words may not be out of place. 

The Canadian government, after a long series of tests, placed 
orders for the establishment of numerous stations along the St. Law- 
rence and its eastern coast. A number of its boats have been and 
are being equipped with the receiving apparatus. 

The German government has installed a number of bells off its 
coast, and the North German Lloyd and Hamburg-American lines are 
being equipped. 

Trinity House, the English Lighthouse Board, has adopted the 
system after exhaustive tests, and at the present time all the trans- 
atlantic steamers of the Cunard line are being furnished with the 
apparatus. 

The first bell in English waters was placed on a lightship off 
Liverpool, one of the pneumatic type being used. The Lucania 
tested it on September 23 last, and while going at nearly full speed 
had no difficulty in locating the position of the bell at a distance of 
nine and one-half knots. The official tests, which were concluded 
October i, were entirely successful. 

With permission of the United States government, the company 
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has installed at its own expense submarine bells on all the lightships 
from Yarmouth to Philadelphia. While this country has not yet 
adopted the system, it has taken and is taking a great interest in the 
invention, and for some time has been conducting an exhaustive series 
of tests under all conditions. Several of the battleships have been 
equipped, and the results obtained from them have been uniformly 
successful. 

Numerous steamship lines running out of Boston and New York 
along our coast have had the apparatus installed, among them being 
the Metropolitan line, which has made constant use of the signals 
for over two years. 

Other foreign countries than those mentioned are taking an active 
interest in the system ; and I think that I do not over-prophesy when 
I state that the coming years will witness radical improvements in the 
different signaling systems throughout the world for the safeguarding 
of lives and property at sea. 
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Contribution from the Chemical Laboratories of thb 
Massachusetts Institute of Technology 

SOME EXPERIMENTS ON THE FUEL VALUE OF 

BITUMINOUS COAL ASHES^ 

By henry fay and F. W. SNOW 

During the winter of 1902-03, when the scarcity of coal was so 
great, it was considered desirable to know the exact amount of unbumed 
coal which was being thrown away in our ordinary soft coal ashes. 
From some experiments carried out under the direction of and reported 
upon by the late Colonel Waring,^ the amount of unbumed coal seemed 
to him large enough to warrant the city in recovering this coal, and he 
also recommended various uses for the ashes. By means of a specially 
constructed small boiler, built on the order of a Rumford calorimeter, 
measurements were made of the unbumed coal in the ash. The amount 
of waste coal in ashes examined varied from 20 per cent, to 40 per cent, 
by weight. If the ashes from the tenement house district be included 
the average would fall to about 20 per cent. It is further estimated 
that on this average there would be lost about 125,000 tons of coal 
for every 1,000,000 cubic yards of ashes. These numbers seemed to 
show such an appalling loss that it seemed highly desirable to subject 
the question to further experiment. As the method for determining 
these values was not strictly accurate it was decided to repeat some 
of this work in such a way that the personal element would be reduced 
to a minimum, and to express the results in terms of standard values. 

In order to test the fuel value, ashes were obtained from four sources^ 
viz., boiler room in the Rop^ers Building of the Massachusetts Institute 
of Technology, the Edison Electric Light Company, the Hotel Berkeley, 
and from a large packing house in which was used a mechanical stoker. 
These four samples will be referred to as A, B, C, and D, respectively. 



1 Reprinted from the Journal of the American Chemical Society, May, 1905, XXVII, 
No. 5. 

* Report of the Department of Street Cleaning of the city of New York, ib95-i897. 
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Sample. 



B 



D 















Percentage of 

unbumedcoal 

compared with 

a cnal riring 

8.5IN) calories. 




Screen analysis. 


Weieht in 
kilos. 


Percentage 
weight. 

49.85 


Total 
calories. 


Calories 
I)er gram. 




On 1-inch mesh 


10.2 


1320.3 


81.5 


0.96 


Through 1 on 2 


9.4 


28.92 


2590.3 


270.2 


3.25 


Through 2 


0.0 


20.31 


1H40.1 


278.8 


3.28 


IvOSS 


0.;^ 


0.92 


. . 


» •* 


• • 




On 2-inch mesh 


20.. •) 


44.4 


45811.5 


2234.7 


2fJ.29 




Thro.ugh 2 on 4 


14.1 


30.5 


24W8.2 


1748.1 


20.51 


1 


Through 4 


ll..-) 


24.9 


10574.2 


919.5 


10.82 




Loss 


0.1 


(».2 


• • 


• • 


• • 




■ On 1-inch mesh 


4.8 


11.4 


2074.1 


i).) i . 1 


0.55 


1 


Through 1 on 2 


8.1 


18.9 


4770.1 


.588.9 


0.93 




Through 2 on 4 
Through 4 
Jx>ss 


8.0 

20.8 

0.5 


20.0 

48.0 

1.1 


4707.8 

• • 

• • 


554.4 

• • 

• • 


0.52 

• • 

• • 




[ On 2-inch mesh 


33.0 


23.80 


35805.0 


1085.0 


12.70 


i 


On 4-inch mesh 


39.7 


28.71 


8.3088.0 


2108.0 


24.80 




Through 4 


0i*S.4 


47.28 


101370.0 


15.50.0 


18.24 




IX)SS 


• • 


0.15 


• • 


• • 


• • 



It will be seen from an inspection of the table that in two of the 
samples the value in coal approaches the results reported upon by 
Colonel Waring, and in those two it is not uniformly distributed in the 
different sizes. In sample B the highest values are obtained, with 
26.29 per cent, in the coarse material, which was composed largely of 
black clinker, holding mechanically enclosed coke and coal. This appear- 
ance was also characteristic of the smaller sizes of this sample, indicating 
a fairly poor coal to start with and considerable neglect on the part 
of the fireman. While the amount of unburned coal actually present 
seems high, judging by the figures which were obtained, it does not 
seem to be in a form which would make it worth while to save. Instead 
of existing in the form of separate pieces of coal, most of it was in the 
form of coke, adhering firmly to and partially fused into the clinker. 
A more careful fireman certainly could have decreased this value very 
considerably. In sample D the material on the 2-inch mesh also shows 
a high value. This is, however, to be traced directly to the character 
of the slag which is formed on heating. The clinker melts at a low 
temperature, enclosing coal and coke, and falls through the grate in the " 
form of round pellets (^f slag. In this material there is apparently no 
coal, and, judging alone from the appearance, it would be pronounced 
free from it, but on breaking open the shell of a pellet there is invariably 
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found some coal enclosed. This material would not appear to have much 
value, notwithstanding the high percentage of unburned coal found. 

Sample A represents the average run of ash from a good grade of 
Pocahontas coal. It was taken from the middle of three grates. The 
ash from the top grate consists only of very coarse clinker, while that 
from the lower grate contains only very fine ash, both, judging from the 
appearance only, apparently free from coal. 

The material used in this work represents only a very few of the 
large tj'pes of plants, and consequently it would be unwise to draw from 
the results any definite conclusions. It is believed, however, that the 
results represent something near the average. In the cheap tenement 
districts there would, undoubtedly, be found very little coal, because of 
the scrutiny with which the ash is sifted and picked over. On the 
other hand, from the private residence and apartment house district, 
where the waste is larger and where there is little or no attempt to 
work over the ashes, the average would probably be higher than the 
results reported here. 

The average per cent, of unburned coal for each sample is, respec- 
tively, 2.49, 19.20, 6.66, and 18.60, and the average for the four only 
1 1.98. This is very considerably lower than the average values reix)rted 
upon by Colonel Waring, and it is believed that the expense of collect- 
ing and working the material of this kind would exceed the profit on 
the recovered product, unless the recovery was done in connection with 
some scheme for the utilization of the clinker and fine ash. 

This conclusion, however, should be accepted only as tentative, as 
it would be necessary to use a much larger series of samples, not only 
of bituminous but also anthracite coals, for a final decision of the 
question. 

Boston, February 23, 1905. 
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GENETIC AND STRUCTURAL RELATIONS OF THE 
IGNEOUS ROCKS OF THE LOWER NEP ONSET 
VALLEY, MASSACHUSETTS ^ 

By W. O. CROSBY 

Introduction 

The Lower Neponset Valley, or, more specifically, that part of the 
valley of the Neponset River within the limits of the Boston Basin, 
projx^rly embraces all that part of the Boston Basin between the Blue 
Hills — a denuded anticlinaUaxis dividing the Boston Basin from the 
parallel and overlapping trough of Carboniferous sediments known as 
the Norfolk Basin — and the broad band of conglomerate extending west- 
ward from Savin Hill on Dorchester Bay, through Dorchester, Roxbury, 
West Roxbury, Brookline, and Newton, into Wellesley and Needham. 
This great belt of conglomerate, some three miles in normal breadth, 
is, structurally, one simple, flat-topped, and somewhat unsymmetrical 
anticline, the central and dominant arch of the Boston Basin (the 
Shawmut anticline), separated from the Blue Hills, or southern high- 
lands, by the Lower Neponset Valley, and from the northern highlands 
by the Lower Charles Valley, each of these main lateral valleys exhibit- 
ing in the general view a synclinal structure, with slate as the prevailing 
surface formation, but being withal as complex in geological structure 
as the central ridge or water parting is simple. As thus defined, the 
Lower Neponset Valley is, west of Boston Harbor, a rectangular area 
some three miles wide and eight to ten miles long, including on the 
mainland small portions of the towns of Canton and Dedham, the whole 
of Hyde Park, the northern half of Milton and Quincy, and the southern 



1 Published previously in the American Geologist, 36, pp. 34-47 and 69-83. This 
paper is an advance presentation in outline of a portion of Part IV of the author's detailed 
and systematic studv of the geology of the Boston Basin, in course of publication in the 
series of Occasional Papers of the Boston Society of Natural History. For the petro- 
graphic distinctions in this field the author is indebted to Dr. Florence Bascom, whose 
preliminary observations on the volcanics only have been published (Bull. Geol. Soc 
America, 11, pp. 11 5-1 26), and whose more complete and elaborate work on both the 
volcanics and plutonics awaits publication in connection with the forthcoming Part IV 
of the Boston Basin series. 
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axis is seen in the narrow band of felsite and basic lava lying mainly 
south of the Neporiset, between Readville and Milton Lower Mills. 

Over a part of this area several flows of basic lava or andesite are 
interstratified with the conglomerate, and during the geological revolu- 
tion or period of disturbance following the accumulation of these strata 
and the formerly overlying slate upon the old floor of felsite and granite 
they were forced into a gigantic arch from one to nearly three miles 
broad. This great fold, however, was partially broken down in the 
making, and its collapse was attended by the formation of the minor 
folds and numerous faults. Subsequent erosion has been so extensive 
as to remove the entire thickness of slate from the crest of the gppeat 
anticline, except where it has been carried down most deeply by these 
minor folds and the faults, occurring now in narrow and discontinuous 
belts wedged in between the larger masses of conglomerate. The ero- 
sion has also been sufficient to cut through the conglomerate series and 
the intcrbedded andesite toward the western end of the arch, where they 
were most elevated, and thus expose the ancient foundation of felsite 
and granite. 

Probably no phase of this study possesses a greater intrinsic interest 
than the comparison of the denuded major axis of the Ncponset anti- 
cline with the Blue Hills complex, which is but the denuded axis of 
the great anticline separating the Boston and Norfolk Basins ; and aside 
from the disparity in area, it is suq^rising to find how marked is the 
similarity, except in minor details, and how few are the vital contrasts. 
In general terms it may be stated that hardly anything is precisely 
similar in the two areas, and nothing is radically different. In the 
smaller area as in the larger we have isolated masses of Cambrian 
strata involved in a complex of post-Cambrian granitic rocks, including 
the normal granite, the contact zone of fine granite and quartz porphyry^ 
the effusive felsites, and the intersecting dikes of diabase of several 
different systems. The chief contrast is found in the relatively greater 
abundance in the Neponset complex of the effusive felsites, their more 
varied character, the great profusion of dikes of felsite in the granites, 
the more positive identification of some of the principal vents or points 
of emission of these acid lavas, and the far more complete and clearer 
exhibition of their relations to the later basic lavas and the enclosing 
Carboniferous strata. 

Among the problems of special interest presented by the Neponset 
anticline, and apparently admitting of successful determination, may be 
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mentioned : the detailed relations of the rocks of the basal complex ; 
the mutual relations of the acid and basic lavas — rhyolite (felsite) and 
andesite ; and the relations of both types/of volcanics to the sedimentary 
rocks. 

The Basal Complex 

The basal complex may best be defined as comprising all of the 
pre-Carboniferous terranes of this region, both sedimentary and erup- 
tive ; or, more specifically, as consisting of the Cambrian strata and any 
other pre-Carboniferous and pre-granitic sediments which future investi- 
gation may prove to exist here, together with the intersecting and asso- 
ciated igneous rocks of pre-Carboniferous age, including the normal 
granite or main body of the batholite, and its contact zones of diorite, 
fine granite, and quartz porphyry, and the dikes, necks, and flows of 
acid lavas or felsites. As thus defined, the igneous part of the complex 
is clearly the product of the chemical and textural differentiation of a 
single great body of magma, embracing, besides the tmly plutonic mass 
or batholite proper dev-cloix^d, with its variable contact zone, under and 
in the Cambrian strata, the intrusive and effusive masses evolved, after 
extensive erosion of the Cambrian cover, from either still unsolidified 
or remelted deep-seated portions of the batholite. 

That the batholite, with the complicating sedimentary and igneous 
phases which give it the character of a true and typical complex, is 
continuous under all the newer formations of the region, and in its 
successive phases essentially contemp<^raneous throughout, is highly 
probable; and the variations observed from point to point must, there- 
fore, be regarded either as actual, and due in part to differences in the 
original magma resulting from the fusion of the pre-Cambrian floor and 
in large part, also, to the varying thickness and composition of the origi- 
nal Cambrian cover, or as merely apparent, and due to the var)'ing 
depths of pre-Carboniferous and post-Cark^niferous erosion ; or, again, 
as due to the localization of the intrusive and effusive phenomena which 
followed the formation of the batholite proper, adding greatly to its 
structural complexity. 

If, with these ideas in mind, we compare more particularly than 
heretofore the portion of the basal complex rising westward from be- 
neath the Carboniferous sediments of the Neponset Valley with th*.- 
portion exposed, as the result of still more extensive erosion, in the 
Blue Hills area, we find the more notable differences to be as follows : 
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First, the normal granite of the Neponset Valley is prevailingly coarser- 
grained and the ferromagnesian constituent (chiefly hornblende) is more 
generally and extensively altered (chloritized). Second, the differentia- 
tion of the contact zone appears to have been almost wholly textural, 
and not, to any important extent, chemical in the Neponset Valley 
district; and hence we find here only traces of diorite (which is also 
true of the Blue Hills) and nothing closely corresponding to the basic 
porphyry and the basic phase of the fine granite of the Blue Hills area. 
Third, the effusive acid lav'as or felsites are, relatively, more abundant 
and far more varied in the Neponset Valley than in the Blue Hills. 
Fourth, the dikes of both acid and basic lavas so characteristic of the 
basal complex in the Neponset Valley are practically or wholly wanting 
in the Blue Hills. Fifth, the necks or actual vents of the effusive acid 
lavas are far more normally and typically developed in the Neponset 
Valley than in the Blue Hills, while the vents of the basic lavas are 
wholly wanting in the latter area. Sixth, the dikes of diabase, which 
are found in the eastern and northern parts and are practically wanting 
in the main range of the Blue Hills, are, in the Neponset Valley, char- 
acteristic of all parts of the complex as well as of the overlying sedi- 
ments, no considerable area being free from them. Seventh, erosion 
has left in the Neponset Valley section of the complex, so far as it is 
now exposed, only very scanty traces of the original Cambrian cover. 

General History of the Complex 

After what precedes a brief statement will suffice here, the main 
purpose being a more systematic outline, prefatory to the lithologic and 
structural details of the complex. As in the Blue Hills area, this area 
or part of the general batholite of Eastern Massachusetts is believed to 
have been developed beneath a great thickness of Cambrian, and possi- 
bly of later, sediments, of which erosion has left only a few highly 
altered remnants. The thickness of the Cambrian cover was due pri- 
marily to extensive sedimentation, and secondarily and chiefly to severe 
or isoclinal plication. The thickening of the supercrust thus deter- 
mined was sufficient to induce a rise of the isogcotherms, an outflow of 
the subterranean heat, so marked as to involve softening and final fusion 
of the subcrust or floor on which the Cambrian sediments were de- 
posited, developing thus a great body of granitic magma, the corrosive 
action of which led to the absorption of considerable volumes of the 
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Appalachian revolution, during which the Carboniferous sediments were 
strongly folded and faulted and injected by still more basic magma from, 
possibly, still greater depths, forming the older or east-west series of 
diabase dikes, now largely chloritized to typical greenstone. Still later, 
and probably contemporaneously with the Triassic sedimentation and 
accompanying igneous activity in the Connecticut Valley, were formed 
the diabase dikes of the newer or north-south series. 

With this the rock formations of the Neponset Valley were complete, 
and its later geological history is recorded only in the erosion accom- 
plished during later Mesozoic and Tertiary ages and culminating in the 
great ice invasion of post-Tertiary or Pleistocene time. 

The Cambrian Strata 

The existing small remnants, the larger less than i,ooo feet long, 
of the body of Cambrian strata which we suppose to have once formed 
a continuous cover over the batholite in the Neponset Valley, as in 
other parts of the Boston Basin, appear to be confined to the vicinity 
of the Boston and Hyde Park boundary', in the eastern part of the Stony 
Brook Reserv'ation and the immediately contiguous territory. . 

The sedimentary rock of supposed Cambrian age is all slate of a 
uniformly massive, hard, and distinctly metamorphic character. The 
prevailing color is. dark gray, but it varies to lighter shades, and very 
generally the rock is ^Derceptibly veined or clouded with the green of 
epidote, indicating that the slate was originally more or less calcareous, 
the lime having as an essential phase of the igneous metamorphism com- 
bined with the alumina and silica of the slate to form epidote. This 
feature allies it with the lower Cambrian slates of Weymouth, Quincy, 
Nahant, etc. ; but in other respects it bears a striking resemblance to 
the massive, gray, non-calcareous middle Cambrian slates, as these are 
developed on Hayward Creek in Braintrec and along the north side of 
the Blue Hills. It exhibits in a good degree the characters of a true 
homstone ; but it is nowhere of flinty hardness, and the fact that it is 
never visibly micaceous testifies to the essentially non-alkaline character 
of the sediment. As a rule, the stratification is hopelessly obscure ; but 
at a few points, which arc so distributed as to cover practically the entire 
group of ledges, it is fairly distinct and entirely unequivocal. The atti- 
tude of the bedding is, as usual in the Cambrian of the Boston Basin, 
very constant, with east-west strike and vertical dip. 
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in the area bounded by Washington, Grove, and Centre Streets and 
Cottage Avenue, and nowhere more favorably than in the vicinity of 
the large quarry on Cottage Avenue, northwest of Washington Street. 

Contact Zone of the Batholite 

Fine Granite. — The chief difference between this type and the 
normal granite is textural. The essential minerals, according to Dr. 
Bascom, are the same, with the addition of a little microcline and oligo- 
clase to the feldspars. Quartz is reported as more abundant and the 
chloritized ferromagnesian constituent as less so, and these distinctions 
are confirmed by the analysis, which shows higher silica and lower lime, 
magnesia, and iron. 

The fine granite belongs to the contact zone, and hence overlies the 
normal granite. It might, therefore, where not removed by erosion, be 
expected to exhibit a broad areal development but for the fact that it 
is, in turn, covered by the quartz porphyry phase of the contact zone. 
In harmony with this general relation and the shallow synclinal struc- 
ture of this part of the batholite, the principal area of the fine granite 
takes the form of an irregular V-shaped belt, i,ooo to 3,000 feet wide, 
separating the normal granite on the north and southwest from the 
quartz porphyry on the south and northeast, respectively. 

As to the thickness of the fine granite we have no very definite 
clue. No approximately vertical or continuous section shows both the 
normal granite below the fine granite and the quartz porphyry above 
it. In other words, we have no data for a direct determin^ition of the 
thickness save that it must exceed the height of the highest hill com- 
posed wholly of the fine granite, or say 75 feet. It would be readily 
deducible from the surface breadth if the dip were known. Assuming 
the dip to be low and inversely proportional to the surface breadth 
gives a maximum thickness of a few hundred feet at the most, and 
100 to 200 feet may, perhaps, be accepted as a conservative estimate, 
confirming the conclusion reached in the study of the Blue Hills 
complex. 

The fine granite of the contact zone is, in a fair sense, a bed of 
passage, since it grades downward into the normal granite and upward 
into the quartz poq^hyry ; and normally its original contacts are nowhere 
sharply defined, but distinctly blending. It may be noted, however, 
that, r.s in the Blue Hills complex, the contact with the normal granite 
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on the other hand, where the quartz porphyry meets the effusive rhyo- 
lites or felsites, is, in the nature of the case, sufficiently definite, but 
highly irregular, since we have here a true erosion unconformity ; and 
the two formations, although of closely similar composition and prob- 
ably derived from the same original magma, are strongly contrasted in 
structure and widely separated in geological time. 

Summary and Comparison, — Neglecting unimportant occurrences 
of diorite and aplite, which may be described, respectively, as relatively 
basic and relatively acid phases or segregations of the normal granite, 
and hence as products of a chemical differentiation of the main body 
or primal magma of the batholite, we have now considered all of the 
sedentary or truly plutonic rocks of the batholite. These have been 
described in the order of supeqx)sition, which is, of course, the inverse 
order of age, since the refrigeration of the batholite must have pro- 
gressed from the periphery downward or centriix^tally. That the differ- 
entiation of the normal granite and the contact zone, and the further 
differentiation of the fine granite and quartz poq^hyry of the contact 
zone, are not wholly textural is, as noted by Dr. Bascom, clearly shown 
by analyses, according to which the normal granite is the most basic 
and the fine granite the most acid, while the quartz porphyry is inter- 
mediate in composition, although not so in position. By way of explana- 
tion of this chemical relation, Ur. Bascom has suggested that specific 
gravity and convective currents may have been factors in producing a 
somewhat more acid peripheral zone to the batholite, while the outer 
or quartz ix)rphyry border to this zone, following the general law of the 
order of crystallization (virtually fractional crystallization), by its earlier 
crystallization left the inner portion of the zone or fine granite more 
acid than either the quartz poqAyry or normal granite. To this ex- 
planation may, perhaps, be added the influence of hydration. It appears 
reasonable to suppose that the primal magma of the batholite, formed 
under a thick and necessarily a hydrated sedimentary cover, and due in 
part to the absoq^tion of large volumes of this cover, would naturally 
be more highly hydrated in its superficial than in its deep-seated ix)r- 
tions; and since the characteristic elements of an acid magma, includ- 
ing silica and the alkalies, have a stronger affinity for water than have 
the lime, magnesia, and iron oxide characteristic of basic magmas, we 
have here a cause tending to keep, if not to make, the batholite 
superficially acid. 

That, in comparison with the granitic rocks of other districts, this 
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A single dike only has been studied in detail, but it is known to repre- 
sent a more or less extensive series, the acid andesite not having been 
distinguished heretofore from basic andesite and greenstone diabase. 
This dike begins in the fine granite on Heron Street, near Washington 
Street, and, with a normal breadth of 20 to 25 feet, has been traced 
northwesterly, parallel with Cottage Avenue, into the normal granite 
and for a total distance of nearly half a mile. It is clearly cut by 
typical dikes of quartz porphyry and felsite, and the acid andesite occurs 
as angular inclusions in a great dike of granite poqDhyr)\ These rela- 
tions give it at once a unique position among the basic intrusives of this 
area, and, so far as known, of the Boston Basin, by definitely fixing it, 
chronologically, between the batholite and all of the acid intrusives. 
Comparison is suggested at once with the more basic, pre-granitic dikes 
(diabase) in the Cambrian slates of the Blue Hills.* The latter are the 
only basic dikes in the Boston Basin known to be older than the granitic 
series of the complex, and the West Roxbury dike just described is the 
first relatively basic dike in the Boston Basin known to be intermediate 
in age between the sedentary zones and the acid intrusions of the 
complex. 

Granite Porphyry and Quartz Porphyry Dikes. — In this instance, 
also, the detailed study has been limited to what is virtually one large 
and complex example ; but the general conclusions thus reached are 
definitely known to be applicable to an extensive series of dikes. The 
fine granite of Bearberry Hill, in the northeast part of the Stony Brook 
Reservation, is traversed in a general northwest-southeast direction by 
a vertical dike of quartz porphyry lOO feet wide. The* greenish gray, 
aphanitic groundmass of the porphyry is crowded with conspicuous 
phenocrysts of feldspar up to one-half, and even three-fourths, of an 
inch in length, while the more scattering, rounded blebs of quartz are 
commonly one-fourth to one-half inch in diameter. Altogether it is 
a striking rock, and one readily recognized and traced. The quartz 
porphyry is densely felsitic near the contacts, which are firmly welded, 
irregular in detail, and further characterized by occasional inclusions of 
the fine granite in the quartz porphyry and minor apophyses of the 
latter in the former. On this hill, also, the quartz porphyry dike is cut 
by a four-foot dike of compact and purple felsite, and gives off an 
oblique branch 20 feet wide, traceable for 1,000 feet, and cut by another 
felsite dike 10 to 15 feet wide. 



^Occasional Papers, Boston Society Natural History, 4, p. 388. 



400 W. O, Crosby 

enclosing angular fragments of the acid andesite. Thus twice in a total 
distance of a little more than a mile the quartz porphyry gives way to 
granite porphyry. In neither case, unfortunately, can the transition 
be fully traced, and yet we may not reasonably doubt its reality. This 
remarkable and rhythmic textural variation in the contents of one and 
the same continuous fissure may, perhaps, be regarded tentatively as 
finding its most natural explanation in varying original depths of solidi- 
fication. That is, if we may assume a natural gradation upward in the 
dike from granite porphyry to quartz porphyry, then a moderate amount 
of subsequent displacement, or even of unequal erosion, might suffice to 
give the alternations of texture which the outcrops now show. In this 
connection it may. be noted that in the lowest outcrop of the main dike, 
at the western base of Bearberry Hill, the quartz porphyry is well 
advanced in the change to granite porphyry. It is a fair coBollary of 
this explanation that the granite porphyry should be found chiefly in 
the normal granite, and the quartz porphyry in the fine granite. This 
relation is clearly realized in part, and would, perhaps, be more fully 
realized but for the fact that, as we suppose, the batholite suffered 
strong and unequal erosion before its injection by these acid intrusives. 
Felsite Necks. — Besides its abundant occurrence in effusive forms 
or surface flows the devitrified rhyolite (aporhyolite), or felsite, has an 
important development in necks and dikes, which are undoubtedly con- 
temporaneous with the acid effusives ; and nowhere, apparently, in the 
Boston Basin are normal effusives more clearly or typically developed 
Some of the felsite dikes are large enough to be regarded as the vents 
of effusive masses, and very probably several of them are deeply denuded 
necks. The more typical and unequivocal necks, however, are less dike- 
like in outline and far more diversified* in structure, consisting chiefly 
of clastic lavas — agglomerate and tuff — suggestive of explosive erup- 
tions toward the end of the volcanic activity and following more quiet 
liquid effusions. Three essentially distinct vents have been more or 
less fully worked out, and it is considered not improbable that others 
await recognition in the felsite areas. This appears the more likely in 
view of the fact that acid lavas of fiuidal and autoclastic types, that is, 
lavas which were stiff enough at the time of their effusion to develop 
fluxion lines, or even to become brecciatcd by their own flow, would 
not spread far from the vents through which they reached the surface. 
We must recognize, also, the extreme probability that some vents are 
still concealed by their own sluggish effusions or by later sediments. 
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of the neck, or in the peripheral portions with the proximate wall of 
granite. The interest of the peripheral phenomena culminates in the 
southeastern extremity of the neck, where it is continued in the shat- 
tered zone of granite in which it had its origin as a complex of gianhe 
and felsite, the g^nite being cut in all directions by irregular branching 
and coalescing dikes of the felsite, which is brecciated, banded, compact, 
or porphyritic by turns, and encloses many large and small angular 
fragments of the granite. 

While we need not doubt that the fragmental lavas are, in the main, 
true pyroclastics — the product of explosive eruptions — it is very prob- 
able that they are in part autoclastics, or breccias resulting frojn the 
continued movement of the magma after it began to stiffen and solidify. 
The distinction of these two types in the field must usually be a pll^ 
zling matter, so much depending on the nature of the matrix or ground- 
mass; but it is assumed here that local homogeneity of compositioQ 
(not of texture) and absence of granitic debris are characters belonging 
more normally to the autoclastics. In considering the distinction and 
probable relative abundance of the pyroclastic and autoclastic lavas, both 
of which are undoubtedly prominent features of this neck, and may also 
be designated, respectively, agglomerate and breccia, we may property 
take account of the possibility that the eruptions were subaqueous, at 
least in part, and note the cracking and shattering of the lava that 
would follow its sudden quenching. It is doubtful, however, if much 
of the breccia has the crackled character, with accurately fitting frag- 
ments, which this explanation would require. Nevertheless the pres- 
ence of water is plainly suggested by the rather distinct stratification 
of some of the finer tuffs, such as may be observed in the central 
part of the neck especially. 

Attention is thus directed to one of the most interesting and 
puzzling features of the 'neck. This is a very compact gray, slaty- 
looking rock, irregular masses of which are enclosed in the more normal 
or unquestionable agglomerate, and also in the fiuidal felsites, and occur 
only in the western central portion of the neck, all the outcrops being 
included within an area about i,ooo feet long in a north-south direction 
and perhaps half as wide. This material, which may be as distinctly, 
evenly, and finely, or as obscurely, stratified as any slate, was at first 
mistaken for an older slate enclosed in the volcanics. But further 
study of the field relations showed that it must be contemporaneous 
and essentially a tuff or consolidated ash. As noted by Dr. Bascom, 
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imately parallel with the major axis of the West Roxbury neck, but 
converging irregularly northwestward near the Cambrian outliers, and 
the united axes might be regarded as continued in the great dike of 
quartz and granite porphyry. Where most widely separated and most 
distinctly developed as necks, these fissures are clearly compensating 
displacements bounding a depressed area approximately half a mile 
wide. 

The southwestern fissure, designated the Bold Knob neck, shows 
a wall of the massive quartz porphyry of the contact zone bordered 
on the northeast by several hundred feet in breadth of coarse felsite 
agglomerate, the felsitic matrix of which is packed with large, angular 
fragments of both felsite and quartz porphyry. Northeastward, or away 
from the wall of quartz porphyry, the agglomerate becomes rapidly 
finer, and shades off into fluidal, sphenilitic, and other obviously effusive 
forms of felsite. Similarly the northeastern fissure, known as the Grew's 
Woods neck, shows an immense mass of exceptionally coarse agglomer- 
ate sharply limited on the northeast by normal granite. The agglom- 
erate has a maximum breadth of nearly i,ooo feet, passing gradually, 
as before, into the effusive felsites, which are continuous over the area 
intervening between the two bodies of agglomerate. Not only has the 
effusive felsite, discharged by flow and explosion from these fissures, 
overspread the depressed area which they bound, but from this expand- 
ing area, as from a cornucopia, the felsite flows have spread eastward 
over a large part of Hyde Park and into Dorchester and Milton. 
Unlike the West Roxbury neck, and on account of the general east- 
ward inclination of the geological structure of the district, erosion has 
not cut deeply enough to remove entirely the effusions of this most 
eastern of the recognized felsite necks. 

Felsite Stoeks. — Besides the large and essentially indubitable necks 
of acid lavas described in the preceding pages, we must, as previously 
noted, recognize several more or less probable stocks or plugs of felsite 
in the sedentary zones of the batholite. These masses, which may, 
perhaps, best be regarded as more deeply denuded as well as smaller 
necks, are intermediate, in size at least, between the undoubted necks 
and the normal felsite dikes. They are related to the necks in form 
and to the dikes in lithologic character, lacking entirely the clastic and 
fluxion characters and the general structural heterogeneity of the necks. 
One difficulty in regarding them as dikes is that they do not appear 
to occupy dynamic fissures, being chimney-Uke rather than dike-like in 
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form. The clearest examples are roughly circular or elliptical plugs 
200 to 300 feet in diameter, isolated in and enclosing numerous frag- 
ments of the normal granite. The rock, although felsitic in general 
aspect, is perhaps better described as a dense, non-porphyritic micro- 
granite. It is essentially homogeneous and structureless, except for 
an indistinct peripheral zone of true felsite, in part fluidal. 

Fclsite Dikes, — In the general view the entire area of the complex 
appears to be traversed by dikes of felsite. They are, however, espe- 
cially characteristic of the sedentary zones of the batholite and the 
felsite necks, and are observed less commonly in the effusive felsites. 
In spite of the fact that they sometimes cut both the felsite necks and 
flows, the dikes as^ whole are undoubtedly best regarded as essentially 
contemporaneous with the acid volcanics, and we may fairly suppose 
that in some instances they have formed effective vents. We have 
seen that they intersect the great dikes of quartz porphyry and granite 
porphyry ; but here again an important difference of age is not, appar- 
ently, a necessary inference. The relation of the felsite dikes to the 
necks is in some cases distinctly radial, but a broader view shows 
that with few exceptions they tend to be normal to the major axes 
of the felsite necks and the fracture zones in which the necks have 
been developed. The prev^ailing trend, therefore, is northeasterly and 
southwesterly. 

In the extension of the axial shear zone of the West Roxbury neck 
the felsite forms a' plexus of irregular intrusions, which branch and 
coalesce in a quite remarkable way ; while the true dikes represent 
the filling of comparatively simple and sharply defined transv^erse 
fissures, due, perhaps, to torsional stresses accompanying the shearing. 

The felsite dikes range in size up to 100 feet or more, and they 
can be traced in some instances for a good fraction of a mile ; but the 
correlation of individual outcrops is often diflficult because of marked 
irregularities of form and trend. As described by Dr. Basconi, the 
felsite of these dikes is mainly either densely compact or, more com- 
monly, inconspicuously ix)q)hyritic. In general, and as might naturally 
be expected, the larger dikes have porphyritic centres and non-por- 
phyritic or compact borders, while the smaller dikes are often non- 
porphyritic throughout. With few exceptions the peripheral portions 
of the dikes exhibit more or less distinct, and often \Q.xy marked, fluidal 
structure parallel with the walls, and the smaller dikes may be charac- 
terized by the fluxion lamination through their entire thickness. The 
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large dikes, also, are usually .dark red or purple in the middle portion 
and greenish gray along the borders, while the small dikes are com- 
monly gray across the entire section. It appears probable that the 
normal original color of the felsite was gray ; that it was subsequently 
reddened by oxidation, and later bleached by deoxidation and leaching 
along the borders. The greenish color of the periphery is, however, 
according to Dr. Bascom's observations, to be connected, in most cases, 
at least, with a more or less marked epidotization, often followed by 
hydration and the development of pinite ; and not infrequently a border 
of nearly pure, soft, green pinite has resulted. 

Pre-Carboniferous Effusives • 

Effusive Felsite or Normal Aporhyolite, — The acid effusions of the 
vents described in the preceding sections, and doubtless of other vents 
still entirely concealed by the effusives, probably constitute for the 
Neponset Valley a more or less continuous sheet of lava, chronologically 
and stratigraphically intermediate between the denuded surface of the 
batholite and the Carboniferous sediments, and distinctly unconformable 
in its relations to both. The petrographic and chemical characters of the 
effusive felsites have been fully described by Dr. Bascom. The original 
textural variations are most notable, including compact, fluidal, spheru- 
litic, and clastic forms. Although the surface exposures are numerous 
and instructive, by far the most complete section of the felsites was 
that afforded temporarily during the construction of the Stony Brook- 
Neponset tunnel, nearly a mile long, of the Highlevel Sewer. This 
shows the felsites resting upon both the normal and fine granites at 
points remote from the nearest surface exposures of these rocks. The 
flow structure of the felsites, originally horizontal, is now everywhere 
highly inclined and chiefly vertical, showing that the plication of the 
Carboniferous sediments was shared by their volcanic floor. As to the 
original or normal thickness of the acid effusives of the Neponset Valley 
we have no reliable data, but it was quite certainly to be measured by 
hundreds and probably not by thousands of feet. 

Carboniferous Volcanics 

The volcanic rocks definitely known to be contemporaneous with the 
Carboniferous conglomerate of the Neponset Valley include a moder- 
ately acid type — trachyte — and a moderately basic type — andesite. 
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effective vents. But of unequivocal or normal necks there are no indi- 
cations in the sedentary zones of the batholite or in the vicinity of the 
felsite necks ; but they are to be found farther east in the effusive fel- 
sites, the clearest examples occurring on either side of the Neponset 
River, in the Mattapan district of Dorchester and the Columbine district 
of Milton. These vents are decidedly elongated or fissure-like ; but they 
are readily distinguished from the andesite dikes by even greater irregu- 
larity of outline, and especially by the heterogeneity of structure and 
the prevalence of coarsely clastic or agglomeratic lava. The evidence 
is quite as clear as for the dikes that the andesite is younger than the 
effusive felsites. 

The andesite flows, like the dikes, are chiefly aphanitic, but embrace 
also amygdaloidal and scoriaceous forms ; and in the western part of 
the field especially bedded tuff and agglomerate, the product probably 
of explosive submarine eruptions, are prominently developed. The 
contemporaneous relation of the effusive andesite and the conglomer- 
ate is especially clear for these fragmental varieties, but hardly less so 
for the regularly interbedded flows in the Central Avenue and other 
parts of the field. The transverse sections of individual flows are, in 
some instances, very instnictive, showing a normal gradation upward 
from densely aphanitic to amygdaloidal and scoriaceous forms of la\^. 

Diabase Dikes 

As previously intimated, the diabase dikes of this area, as of the 
Boston Basin generally, are referable to two distinct series — distinct 
in age, trend, and lithologic character. We may properly emphasize 
the chronologic distinction as of greatest geologic significance by desig- 
nating these two series, provisionally, the Carboniferous and the Trias- 
sic. Evidently the diabase dikes are not related in origin or composition 
to any of the other igneous rocks of the district, and in size, regularity, 
and continuity the two systems are essentially similar and normal. 

Carboniferous Diabase Dikes. — The normal trend of the numerous 
dikes of this series is approximately east-west, and they rarely \'ary 
more than thirty degrees from the normal. Although commonly ap- 
proximately vertical, they are more likely than the Triassic dikes to 
exhibit a distinct hade, es^xjcially in the sedimentary terranes, the mani- 
fest tendency being to conform with the strike joints of the enclosing 
formation. In other words, these are longitudinal dikes, traversing 
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a series of unsymmetric folds and sympathizing in attitude with the 
tension planes of the flexures, having been developed during a period 
of folding and strike or thrust faulting. In the dikes of this series 
transverse columnar jointing is rarely distinctly developed. Litholog- 
ically they are rather fine-grained greenstones, the original or normal 
constituents having suffered extensive chloritization and epidotization, in 
consequence of which the diabase is somewhat immune to kaolinization 
and to be reckoned among the more resistant rocks of the region. 

Triassic Diabase Dikes. — The rather infrequent dikes of this series 
adhere very closely to a north-south trend and vertical attitude, a hade 
of even a few degrees being very unusual. Their relation to the gen- 
eral geological structure of the region is distinctly transverse, and evi- 
dently they date from a period of gravity faulting without folding, such 
as the Triassic is known to have been. Transverse columnar jointing is 
commonly well developed, the greenstone alteration is wanting, and the 
rock yields readily to kaolinization, the tendency to pass by spheroidal 
weathering to a rusty brown earth being a marked feature of this 
diabase. 



A Study of a Single-Phase Series Motor 



413 



in the one case and 60^ C. in the other. On a heating basis, the motor 
could easily be rated as a 9-horse power direct current motor. 

The armature and the field ran within a very few degrees of each 
other when the machine was operated on alternating current at full 
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toad, but at overloads the armature heats up much more rapidly than 
the fields. The motor has a rather limited overload capacity on ac- 
count of this excessive heating of the armature coils, which is due 
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The other curves given in Figures 4, 5, 6, and 7 will serve as 
a basis of comparison of the action of the motor on direct and alter- 
nating current. The speed and torque curves are of the types char- 
acteristic of the direct current series motor, but the eflfect of the 
alternating current is quite well marked. The torque increases in 
both sets of curves at a greater rate than the current, but when the 
motor is run on alternating current the torque is lower at all loads 
than when operated on direct current. The percentage difference is 
small at light loads, but it increases to about 20 per cent, at 50 amperes. 
The impressed voltage has little effect on the torque (Figure 6), hence 
the motor will start satisfactorily as a single-phase machine under such 
low voltages as are experienced in railway work. 

The alternating current and the direct current speed curves are 
similar, but the alternating current curve is much steeper. At light 
loads it makes little difference in speed whether the motor is operat- 
ing on direct or alternating current, but at loads of 50 amj^eres the 
speed on a twenty-five cycle circuit is about 40 per cent, below that 
on a direct current circuit. The variation of speed due to changes of 
voltage (Figure 6) is much greater on alternating than on direct cur- 
rent. The curves approach each other as the voltage increases, the 
speed on alternating current being always the lower. The speed at 
170 volts, twenty-five cycles, is 40 per cent, below that on direct 
current at the same voltage, and less than 15 per cent, lower at 230 
volts. The large impedance drop in the field coils of the single-phase 
motor, as compared with the relatively small resistance drop in the 
coils of a direct current motor, is largely responsible for this difference 
in speed. 

A comparison of the speed and torque characteristics shows that 
the motor would be better for railway work if operated on direct cur- 
rent ; but as such a motor it is probably better than commercial motors 
of the same size, and since there is no data at hand for direct current 
motors of small size we cannot tell whether or not the alternating cur- 
rent characteristics of this motor are as good as are usually obtained 
in direct current practice. The single-phase motor will probably not 
give such a rapid train acceleration as the direct current motor on 
account of the low torque with large currents, but the ultimate maxi- 
mum speed will be about the same in both cases. This condition should 
have an important influence on the use of alternating current for local 
or suburban traffic where stops are frequent. 
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The running efficiency is very g(K)d for a motor of its size, being 
between 75 per cent, and 80 per cent, with alternating current and 
about 85 per cent, with direct current. The maximum value increases 
slightly with the voltage. Th« impressed electro-motive force has a still 
more important effect on the shajxi of the efficiency cur\'es. At low 
voltages with alternating current the efficiency reaches its ma.ximum 



420 George /. Rhodes 

be inferred from this condition that the troubles of commutation of 
this motor are not wholly due to the short circuit current, but also to 
the running current, and that it would be merely a question of design 
to improve the motor in this respect. 

This movement of the brushes led to the very interesting discovery 
that the position of the plane of commutation had a considerable influ- 
ence over all the general operating characteristics of the motor. The 
torque was slightly raised at all loads by a backward movement of 
the brushes. At all loads the speed was decreased considerably by 
a forward lead and increased by a backward lead. The output for a 
given current, and hence the power factor, was decreased or increased 
according as the brushes were moved in or against the direction of 
rotation. The power factor could be improved several per cent, and 
the maximum output materially increased by a proper adjustment 
of the brushes. This improvement lasted only so long as the motor 
was run in one direction, for on reversal all of the characteristics 
became worse than ever. 

As a commercial motor this particular machine is not a success on 
account qf the small overload capacity and the continual care that 
must be taken of the brushes to make them commutate in a satis- 
factory manner. The working characteristics are quite suitable for 
most of the uses to which a direct current series motor is put, but the 
commutation needs to be much improved for successful commercial 
operation. 
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A NOTE ON THE CALCULATION OF THE ARMATURE 

REACTION OF ALTERNATORS 

By WALDO V. LYON, S.B. 



The armature reaction of an alternating-current generator influences 
the regulation more, probably, than any other one characteristic. It is 
fundamentally a magneto-motive force produced by the action of the 
alternating currents in the armature coils, and its general effect is to 
alter the flux distribution in the air gap as produced by the direct- 
current field when the machine is running on open circuit. 

The object of this discussion is to show the assumptions that must 
be made to calculate the armature reaction as it is ordinarily done. On 
the score of simplicity a single-phase alternator will first be considered, 
and then the equations will be extended to a three-phase machine. 




Fig. I 
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Figure i represents the development of the air gap of an alternator, 
having a concentrated winding. Three poles, Sj, N, and S,, and two 
armature coils, C^Cj and CjCg, are shown. The convention of the 
dots (•) and crosses (X) signifies that the current flows in opposite 
directions. In order that the following discussion may apply to a defi- 
nite condition, the machine will be considered as under full load, 
although it is perfectly general for all loads, if the same assumptions 
be made. 

The first assumption will be that the wave of electro-motive force 
is sinusoidal. ^ This electro-motive force induced in the conductors Cj, 
C^i etc., is proportional to the rate of cutting of magnetic lines, and, 
since the speed is uniform, it is proportional to the flux density where 
the conductors cut the lines of force. Hence it at once follows that 
the curve representing the resultant flux density must be sinusoidal, 
and also that it must be in phase with the wave of electro^notive force. 
It is usually more convenient, however, to use the coil electro-motive 
force in alternator calculations, and in this case, since the position of 
the coil is marked by its mid-point, the E. M. F. wave will lag ninety 
electrical degrees with respect to the curve of flux distribution, if we 
adopt the convention that the E. M. F. of the coi? is from Cj to Cj, i.^.i 
Vq^ — Vc^. This distinction should be borne in mind In the pres- 
ent case, however, the curve relates to the armature conductors, and 
is thus in phas^ with the flux distribution. The current will lag with 
respect to the induced electro-motive force by an amount depending 
on the constants of the machine and those of the external circuit. For 
a capacity load this lag may be negative, that is, a leading current will 
flow. 

A second assumption will be made that the flux distribution due 
to the current flowing in the armature coils would be sinusoidal if it 
existed as a real quantity. 

These two assumptions are tacitly made in every vector solution of 
the problem. 

It seems somewhat more logical to deal with the ampere-turns as 
representing the magneto-motive forces, rather than with the fluxes 
produced by them, and in this case another assumption will have to 
be made. 

The fundamental equation for the magnetic circuit is : — 
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Fig. 3 



resultant flux, distribution of resultant ampere-turns, or induced electro- 
motive force. Curve C represents the distribution of ampere-turns 
due to the armature conductors. Its amplitude is determined by the 
instantaneous value of the armature current, and it is evident that its 
nodes must coincide with the position of the armature conductors, and 
hence it will move synchronously with them. 

It is readily seen that 
the effective ampere- 
turns on the armature 
which act directly 
against the field pole N 
are represented by the 
algebraic sum of the 
shaded areas X and Y, 
Y being considered as 
positive. Inspection of 
Figure 2 shows that the 
algebraic sum of X and 
Y is equal to the negative of the numerical difference of X and Y', 
since the distance between the conductors is equal to the distance 
between adjacent nodes of the resultant flux wave. Thus the same 
result is obtained for the net ampere-turns acting against N if the 
line XY be assumed to move at the same speed as the armature con- 
ductors but in the opposite direction ; that is, to the right. It will 
now be shown that the effective ampere-turns on the armature acting 
against the field pole N vary as the cosine of the angular displace- 
ment of the armature conductor from the node of the curve of the 
resultant flux distribution. 

X + Y = Y' - X. 
This may be written in the form : — 

X + Y = 2Y' - (X + Y'). 

Let i be the instantaneous value of the current for the given 
position of the conductors. This may be obtained from the current 
curve in Figure i. Then the total instantaneous ampere-turns repre- 
sented by the area X + Y' will be \ {Ni), when N is the number of 
series conductors per pole. This relationship is readily shown to hold 
if each conductor of the several coils is divided into two portions carry- 
ing equal currents, as in Figure 3. The magneto-motive force, as 
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represented by X + Y', is produced by the coil C/' C2'. This coil 
has as many turns as there are conductors per pole, but it carries only 
one-half the total current in each real conductor. 




Fig. 3 

Let \ (Ni)^ be the maximum value of the ampere-turns distribution 
for the particular instant considered. Then the equation of the curve 
will be: — 

\ {Ni),, = \ {Ni\ sin //. 

Then the total ampere-turns will be given by : — 

Hence the total instantaneous ampere-turns as represented by the 
area (X + Y') are twice the numerical value of the maximum density 
of the ampere-turns distribution. 

That is : — 

(X + Y') = {Nt\. 

2Y' = 2 f"" 1 {Ni)^ smptd{pf) = {Ni)Q [i - cos//]. 

.-.(Y' - X) = - {Nt\ cos pt. 

Therefore the net ampere-turns acting against the single pole N 
for any particular instant are given by: — 

- \ {Ni) cos //. 

N\s the number of conductors per pole, i is the instantaneous value 
of the current, and // is the angular displacement of the conductor 
from the assumed zero. It should be observed that the net armature 
magneto-motive force for any particular instant produces the same 
effect on the resultant field, whether the conductors are opposite 
a north or a south pole. The \'aluc of this cosine function, however, 
changes its sign when // is increased by nir (where n is any odd 
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integer). Therefore the complete cosine function should be in the 
form — \ (Ni ) cos {pt + mr) where n is zero when the conductors 
are under a north pole, and is one when they are under a south 
pole. 

i= I sin (// — ff). 
:. A^ = — \NI sin (// - 0) cos (// + mr). 

Ai'is the instantaneous net magneto-motive force of the armature which 
acts directly against the magneto-motive force of one pole. 

The discussion of this equation will be confined to the eflFect on 
the north pole N, since the same result is produced against every pole. 
Inspection shows that the curve crosses the axis of abscissae at the 
points : — 

//=5 and // = — • 

The maximum and minimum values of the equation are found by plac- 
ing the first differential equal to zero. These values occur at the 
points: — 

B tr %ir 

pt=^ h - and // = — h — • 

^ 24 ^ 24 

This shows that the maximum and minimum points are 90^ apart 
and are halfway between the nodes. Substitution in the original 
equation gives the following maximum values of A: — 

I — sin ff 



, TT 


A,' =-"' 

^ 2 


. 3-^ 


^ 2 



• 



+ sin 



-). 



The relative forms and magnitudes of the curves are shown in 
Figure 4. The convention adopted is that the net armature M. M. F. 
is positive when opposed to that of the resultant field, and also that 
the lag angle is positive in the direction of rotation. It should be 
remembered that the ordinates of these curves merely represent the 
algebraic value of the net magneto-motive force of the armature which 
is acting directly against the magneto-motive force of one field-spooL 
It is seen that when 6 is negative the average net effect of the armature 
reaction is to increase the impressed field, and when is positive the 
field is diminished. Therefore it is said that a leading current aids 
the field and a lagging current demagnetizes it. 
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1 
The average value of the armature reaction is found as follows : — 

Average A^ = - -^f^ ^N/sin {pt - 0) cosptdt = \N/sin 0. 

The armature reaction is generally given per pair of poles, and the 
R. M. S. value of the current substituted for the maximum value. 
The equation is then written: — 

A^ = .707 N/ sin 0. 

This result proves the deductions previously made as to the effect of 
the lag angle 0, 

It will be remembered that there were two broad assumptions 
made. For all paths of the flux the reluctances of the magnetic cir- 
cuit of the resultant field and of the armature reaction are constant ; 
and the distribution of the magneto-motive force of the resultant 
field, and the instantaneous distribution of the armature reaction are 
sinusoidal. The effect of the armature reaction is to cause an effect- 
ive flux wave of double frequency. But by supposition the resultant 
flux wave is sinusoidal, and from this it follows that the flux wave on 
open circuit must be compounded of a sine wave and one of double 
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frequency. This conclusion is obviously absurd, and the probable eflFect 
is that the flux wave under load conditions is not sinusoidal- but is peri- 
odically distorted by the armature reaction. This method of using the 
net effect of the armature reaction has also the disadvantage that it 
neglects in a great part the distorting effect on the field. 

With polyphase alternators the effective armature reaction is of 
constant value throughout the cycle. The following proof is for a 

m 

three-phase machine. 

Let N equal the total number of turns between adjacent north 

poles. — = turns per phase. 

ij = / sin (// — 6), 

/j = /sin {pt - -- i2cPy 

t\ — I sin (// - e - 240°). 

Therefore: — 

«! = sm (// — 6) cos pt. 

NT 
a2= sin {pt — — 120*^) cos {pt — 120^). 

NI 
ag = sin {pt — — 240*") cos {pt — 240^). 

The effect of each phase is the same as the total reaction of a 

single-phase alternator, but the phases are displaced by 120° from each 

other in the three-phase generator, and the total reaction is now the 

sum of the three reactions. 

NI 
^1 + ^2 + ^8 = -^ = "" — [sin (// — 0) cos // + 

sin {pt — — 120°) cos (// — 120°) -|- 
sin {pt — — 240°) cos (// — 240"*)]. 

NI 
This reduces to A =^ - — -- .? sin 0. 

3 - 
.-. as before, A = .707 Nf sin 0, 

Therefore the net effect of the armature reaction of a three-phase 
generator is constant, and the effective distribution of ampere turns 
may be assumed to vary sinusoidally and to have a constant amplitude. 
From this it follows that the distrilnition of flux on open circuit must 
be sinusoidal, and the original assumptions arc not \iolated as in the 
case of a single-phase generator. 



A' 



^ 



resultant 
field 
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The effect of wide slots is to cause a path of increased reluctance 
to sweep across the pole pieces, and hence make a periodic variation 
in the flux distribution. This would tend to cause higher harmonics in 
the E. M. F. wave. Wide slots would also vary the distribution of the 
magneto-motive force due to the armature. In like manner the effect 
of the spaces between adjacent poles is to cause a periodic variation in 
the reluctance of the magnetic circuit on which the armature reaction 
acts. Since these spaces are, as a rule, very large, the distortion of 
the armature flux wave is probably extreme. 

The effect of the armature reaction, which is by nature a magneto- 
motive force, should be in 
phase with the armature cur- 
rent that produces it. As its 
value was deduced, it was 
made directly to oppose the 
resultant flux, and was hence 
in opposition to it. 

From Figure 5 it is seen 
that if [.707 NI sin ^] repre- 
sents the armature reaction 
as in opposition to the result- 
ant field, then [.707 iV/] is 
the reaction as in phase with 
the armature current. 

If N is the total number 
of conductors on the armature 
and P the number of poles, then it follows : — 

A = .707 —--• 



^coil 




/.707 fiivnB 



>707 NI 



Fig. s 



This is the usual expression for the value of armature reaction. 



Relation between Armature Reaction and Armature 

Reactance 

The two general equations of flux relationship for the armature 
are: — 

^ 10 



430 IValdo V. Lyon 

The first equation gives the leakage lines per phase as they are 
usually calculated -A^ represents the number of turns per phase, L the 
length of imbedded conductor, ^^ the leakage flux per unit length of 
conductor and per ampere, and / is the armature current. It assumes 
that there is no leakage around the ends of the coils. This is very 
nearly true, since the path of this leakage flux contains practically no 
iron. 

The second equation gives the total flux that would be produced 
by NI ampere-turns acting on a magnetic circuit of permeance Z. 
This equation also deals with the flux per phase, and so the results 
obtained from the combination of these two equations are applicable 
to a A!' phase machine. 

The leakage coeflicient for the armature is then given by :— • 

4>a Z 



V. ^ 






5 



-- /^'^i V. (,) 

As in calculating the armature reaction, the reluctance in the path 
of the resultant flux and of the armature flux will be considered the 
same, but that component of the resultant flux which is due to 
the direct field will be substituted. This is equivalent to considering 
the condition on open circuit. 

Then it follows : — 



*.= 7^1-1 ^■ 



and V is the leakage coefficient for the field alone. 



The useful ampere-turns on the field are represented by i — it 



Z = 



<!> 



/ 



4-n- (NI\ (a) 



4ir INI\ 
lO \ V I 



Equate (i) and (2). 



L<l>iv, _ ^j. 



Va - I /A7\ (3) 



m 
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The general equation for induced electro-motive force, which applies 
to this .condition of open' circuit, is given by : — 

e = AfNn (f>y. 10"®. 

In this n represents the number of cycles per second, and f is the form 
factor. 

If the value of ^^ obtained from this equation is substituted in 
equation (3), the latter can then be written in the form: — 

10® e , . v^ 



'" m 



= L<\>^ 



8 Nnf (Nl\ ^^v," I (4) 



The armature reactance is usually calculated from the following 
formula : — 

X ■= 2 'rrnSi<f>^LN^ lO"®. 

The number of slots per phas^ is represented by S^ and the series 
conductors in each slot by iV^. In calculating the reactance in this 
manner, it is assumed that all of the leakage lines are linked with all 
of the conductors of the particular slot. This may not be strictly true 
with very deep slots. It will be observed that : — 

S.N. 
2 

Equation (4) may now be written as follows : — 

ir^^ = 2/x iNi\ ' (s) 

• In considering this problem we have assumed that the wave of 
electro-motive force was sinusoidal, and under this condition y= i.ii. 

e 
The ratio - may be obtained directly from the open circuit char- 

acteristic as soon as the turns per pair of poles are known ; let it be 
represented by the factor K. K should be found for the point when 
e is the induced armature voltage under the given load condition. 
The solution of equation (5) for v^ may be written as follows : — 

I X 

— = I — 0.707 



v^ N^vK 



432 Waldo V, Lyon 

Therefore it must follow that the true armature reaction is given by 
the equation^: — 

^ = 0-^-7^7^0.707-. (6) 

The only important assumption which might be questioned is that 
of the equality of the reluctances of the magnetic circuits • in which 
the armature reaction and resultant field act. This assumption was 
made, however, when the general formula for the armature reaction 
was deduced, and so it does not seem improper to retain it in this 
discussion. 

Inspection of equation (6) shows that as saturation is approached 
the armature reaction is probably somewhat reduced in value. 



^ The leakage factor for the field, v^ increases slightly as the excitation is increased 
For open slot machines saturation alTects the leakage Unes of the armature but little, since 
the majority of the reluctance is in the air gap, and thus x is very nearly constant, altiiou^ 
it may decrease slighUy with high saturation. 
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BOOK REVIEWS 
A Text-Book of Quantitative Chemical Analysis^ 

This book was written primarily as a text-book to meet the needs 
of the aythor's own students, and not as a reference book for the expe- 
rienced analyst, although it covers practically the whole field of quanti- 
tative analysis. He claims that the text-books available did not give 
as thorough and comprehensive a view of the subject as he wished, 
and he therefore has endeavored to correlate the theoretical and practi- 
cal sides of the subject in such a way as best to meet the demands 
of the student. As no two teachers of analytical chemistry will look 
at the subject from the same point of view, there is sure to be some 
difference of opinion in regard to the emphasis laid upon the various 
parts of the subject. This is inevitable and proper; otherwise there 
would be no new books. 

In this book there is nothing essentially new in the way of treat- 
ment and very little originality in the method, although the subject as 
a whole is treated very evenly and clearly. There is much of it, how- 
ever, which gives the distinct impression of being a compilation rather 
than the results of experience. Most of the methods described and 
the apparatus employed are to be found in the standard texts; and, 
unfortunately, in many cases methods are cited without acknowledgment 
of their origin. The general omission of references is to be deplored. 

There seems to be a considerable lack of experience in what is 
called the practical side of analytical chemistry. This is especially 
true with the chapters on analysis of alloys and technical analysis, the 
latter including the analysis of iron and steel. On page 146, under 
the determination of phosphorus in bronze, the author recommends the 
oxidation of the phosphorus with concentrated nitric acid and the col- 
lection of the phosphoric acid witl> the tin as stannic phosphate. In 



^A Text-Book of Quantitative Chemical Analysis by Gravimetric, Electrolytic, Volu- 
metric, and Gasometric Methods, By J. C. Olsen, Professor of Analytical Chemistr}' in 
the Brooklyn Polytechnic Institute. New York : D. Van Nostrand Company, 1904. 
xix -f- 513 pp. Price, $4.00. 
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this particular sample with which the author worked this oxidizing 
agent might have sufficed, but in most alloys containing this element 
much more vigorous means have to be taken to get complete oxidation 
of the phosphorus. In the chapter treating of iron and steel analysis, of 
which the reviewer believes that for purposes of instruction in rapid, 
accurate work there can be no better example, the author treats the 
subject incompletely and unsatisfactorily. Here, again, there is a woe- 
ful lack of references to the literature. 

The chapters on the balance, including calibration of apparatus, 
general operations, determination of metals and acids, water analysis, 
gas and oil analysis, are much more complete and satisfactory, and 
would serve as an excellent guide. 

The author is progressive, inasmuch as he treats of the theoretical 
side of analytical chemistry as well as the practical side, although not 
emphasizing particularly interesting cases. This portion of the book is 
not entirely satisfactory', for the Law of Mass Action is e\idently con- 
fused with what the author calls the "law of ionization," and the differ- 
ence between the ion and the atom is not made clear. On page 2 1 we 
read, " Acids dissociate, giving the hydrogen atom as one ion and the 
remainder of the acid as the other ion"; again, on page 193, "The 
molecule of cupric chloride separates into three ions, one of which is 
the copper atom^ while the other two are chloride atoms** This 
is carelessness, indeed ! 

The chapter on stoichiometry is a valuable addition to a text-book 
of this kind and is very clearly written. There is also an appendix, 
containing a considerable number of tables useful to any analytical 
chemist. 

Notwithstanding the above criticisms of various parts of the book, 
the author has made an interesting addition to the literature of ana- 
lytical chemistr}'. The weakest part of the book is in not having 
given due credit for the various methods. An inexperienced reader 
would give the author more credit than is due him, and would not 
realize that analytical chemistry is the production of a large number 
of faithful workers. 

Henry Fay. 
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The Chemical, Metallurgical, and Mining Society of South 

Africa ^ 

The third volume of the Proceedings of the Chemical, Metallurgical, 
and Mining Society of South Africa, recently published, covers the 
proceedings from May, 1902, to June, 1903, and contains the following 
papers read at the monthly meetings, with complete discussion on 
each : — 

I. Notes on the Analysis of Cyanide Solutions. Andrew F. Crosse (May, 1902). 
XL Notes on the Treatment of Slimes by Means of Filter Presses. Clement Dixon 

(June, 1902). 
IIL The Smelting and Refining of ZinoGold Slimes. E. H. Johnson and W. A. 

Caldecott (July, 1902). 
IV. A Slight Improvement in Extractor Boxes. S. B. Hutt (August, 1902). 

V. An Improved Washbottle for Quantitative Work. E. H. Weiskopf (August, 1902). 
VI. Residual Products of the D3mamite Factory, and Their Value to the Gold 
Industry. W. Cullen (August, 1902). 
VII. The Thermo-Hyperphoric Process. A. T. Firth (September, 1902). 
VIIL Notes on Valuing a Gold Mine. T. Lane Carter (September, 1902). 
IX. Notes and Queries. H. T. Durant (September, 1902). 

X. The Lead Smelting of Zinc-Gold Slimes. P. S. Tavener (October, 1902). 
XI. Notes on Mine Sampling of the Main Reef Series. D. J. Williams (October, 

1902). 
XII. The Economic Use of Petroleum Oil Gas Furnaces, as Applied to Smelting, 
Laboratory Work, and Drill Heating. David Laird (October, 1902). 

XIII. The Theory of Miss-Fires, and Some Conclusions of Practical Value. E. H. 

Weiskopf (November, 1902). 

XIV. Notes on Commercial Cyanide of Potash. A. Whitby (December, 1902). 
XV. Miner's Phthisis: Some Notes and Suggestions. W. Cullen (February, 1903). 

XVL The Regeneration of Working Cyanide Solutions, Where Zinc Precipitation Is 

Used. Andrew F. Crosse (March, 1903). 
XVII. Notes on the Common Practice of Quartz Milling on the Rand. Fraser 
Alexander (March, 1903). 
XVIII. Extraction of Gold from Cyanide House Slimes by a Wet Method. John 
Fleming (April, 1903). 
XIX. An Automatic Sampler for Tailings, Sands, and Slimes. C. H. Pead (April, 1903). 
XX. The Refining of Lead Bullion. F. L. Piddington (May, 1903). 
XXI. A Few Remarks on Banket Formation. A. R. Sawyer (September, 1894; 
omitted from Vol. I). 

These papers are followed by appendices containing the proceedings 
of the monthly meetings, a report of the Committee on Cyanide Poison- 
ing, correspondence, obituary notices, and notices of abstracts of articles 
and papers published elsewhere, classified according to the subject, and 
also separate indices to authors and subjects. 



1 Proceedings of the Chemical, Metallurgical, and Mining Society of South Africa, III, 
May, 1902, to June, 1903. Johannesburg (New York: Engineering and Mining Journal, 
1905)- 17 + 483 pp., 9 pl-* 8vo. 
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Gold Mining in the Black Hills ^ 

This is a reissue of a paper read by Professor Hofman before the 
American Institute of Mining Engineers in 1889, while he was con- 
nected with the Dakota School of Mines. The value of the paper is 
shown by the fact that the leading firm of manufacturers of mining 
and metallurgical machinery in this country prints it at this date for 
distribution among its customers. 



The Overstrom Concentrator^ 

An attractive pamphlet contains the description of this machine of 
the Wilfley type, which the firm is putting on the market. The paper 
contains a full discussion, with illustrations. The diagrammatic colored 
representation of the separations taking place on the washing table are 
striking. 



Gas-Engine Design^ 

This book avoids the subject-matter usually found in treatises upon 
gas engines. While others deal with the problems of combustion, with 
discussions of the various theoretical cycles, and the descriptions of the 
actual engines, the present volume ** is concerned entirely with the quan- 
titative side of design, and treats solely of the forces in and the energy, 
transforming power of the standard mechanism of the exploding gas 
engine." 

The subject-matter falls under three general headings: (i) power, 
efficiency, economy ; (2) forces in the engine due to gas pressure and 
inertia; and (3) dimensions. of the engine parts. 

As a foundation for the first chapter the author defines a standard 
reference diagram "as that indicator card which would result if pure 



^Gold Mining in the Black Hills. Hofman, H. O. Milwaukee: AUis-Chalxnera 
Company, 1905. 

2 The Overstrom Concentrator. Milwaukee: A llis-Chalmers Company, 1905. 

'Gas-Engine Design. By Charles Edward Lucke, Ph.D. New York: The D. Van 
Nostrand Company, 1905. 254 pp., cl., ill. $3.00. 
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air passed through the four phases of an ideal cycle (Otto), receiving 
the same amount of heat per pound of air working as does the pound 
of air and gas mixture in its combustion." The compression curve 
starts at 14.7 pounds pressure per square inch and 62° F. This is 
followed by a study of the properties of various fuels, with tables of 
heating values, maximum compression to be used with different sub- 
stances, etc. And then, by a comparison of observed with computed 
mean effective pressures, a set of diagram factors is deduced, to be 
used for all common fuels. These data make it possible to compute 
the dimensions of an engine to furnish any desired power, using any 
given fuel. 

The second division starts with a discussion of actual indicator 
cards, showing how the shape and area of the card are affected by 
var}dng the percentage mixture of gas and air, by piston speed, throt- 
tling, and time of firing. This makes it possible for the designer to 
draw the probable card, and thus construct the probable rotative effect 
for any fuel. This is followed by the usual mathematical discussion 
of the effect produced by the inertia of the reciprocating and rotating 
parts, supplemented by plots of many different inertia curves. This 
section closes with a comparison of the various ways of balancing the 
crank pins and connecting rods, followed by a large number of diagrams 
giving indicator cards, inertia diagrams, and effective or net rotative 
thrusts for two complete revolutions. 

Having determined the general proportions of the engine and the 
forces exerted in it throughout a complete cycle, the last portion of 
the book is devoted to the proportioning of the different parts of the 
engine to make it withstand these forces. The author has collected 
and discusses here most of the important empirical formulae, with the 
constants used by various designers and authorities upon ever}'thing 
from cylinder walls and heads, water jackets, areas of valves, cams, 
valve seats and stems, valve closure springs, piston length, barrel and 
rings, wrist pins, connecting fods, cranks and crank pins, to those upon 
twisting and bending moments, main bearings, journal pressures, and 
fly wheels. 

The book is attractive in appearance and contains but very few 
typographical errors. It will undoubtedly prove of great assistance to 
those engaged in the actual design of gas engines, and should find 
a place in every engineering library. 

Charles W. Berry. 
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Analysis of Ores^ 

This excellent volume is written for the use of the technician as 
well as the student, and should be appreciated by both. It aims to 
describe, in sufficient detail to be immediately and practically useful, 
methods which, so far as such a thing is possible, may be applied to 
the common run of problems • which the practicing ore analyst is called 
upon to solve. These methods have been selected in part from those 
devised and tested during the author's own extended experience, and in 
part from recognized authorities. In the latter case the descriptions 
are often amplified, and valuable suggestions are interpolated. 

The chapters treat successively of apparatus, electrolysis, logarithms, 
the determination of aluminium, antimony, arsenic, barium, bismuth, 
cadmium, calcium, chlorine, chromium, copper, iron, lead, magnesium, 
manganese, mercury, molybdenum, nickel and cobalt, phosphorus, potas- 
sium and sodium, silica, sulphur, tin, titanium, tungsten, uranium and 
vanadium, zinc, the combining of determinations, and the analysis of 
boiler waters, of coal and coke, and of crude petroleum. Useful tables 
are given at the close of the book, and the volume is well indexed. 

The author's words of caution in his preface regarding the ill-advised 
haste with which untested modifications are often introduced by the 
analyst when ostensibly following a published analytical procedure, often 
rendering it practically valueless (and incidentally occasioning unjustified 
criticism of its author), are worthy of serious attention. 

Some differences of opinion as to this or that detail in a work of 
this character are bound to occur to every thoughtful reader ; but these 
will surely not alter the broader verdict that Mr. Low has made a 
valuable and helpful contribution to chemical literature. 

H. P. Talbot. 



High-Tension Power-Transmission ^ 

** Resolved, That a Committee on High-Tension Transmission, con- 
sisting of five members, may be appointed for the purpose of collecting 

1 Technical Methods of Ore Analysis. By Albert H. Low, B.S. New York: John 
Wiley & Sons, 1905. vi-|-273pp. 

2 High-Tension Power-Transmission. A Series of Papers and Di>cussions Presented 
at the Meetings of the American Institute of Electrical Engineers, under the Auspices 
of the Committee on High-Tension Transmission. New York: McGraw Publishing 
Co., 1905. 
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data respecting present practice in electric transmission at high voltage, 
and of presenting a report which will indicate the successful methods 
which are now in operation in such form as to be of immediate value 
to electrical engineers. It is within the scope of the committee to 
secure data upon line construction, insulators, insulator pins, and the 
like, and the conditions of operation at different voltages and under 
different climatic conditions; to investigate methods of testing insu- 
lators, and to indicate the method or methods which in its judgment 
are superior. Also to ascertain the methods employed for voltage 
regulation, the conditions attendant upon the switching of high-tension 
circuits, and to collect data respecting lightning and static disturbances 
and the usd of grounded protective wires.'* 

This resolution, passed by the Board of Directors of the American 
Institute of Electrical Engineers on September 26, 1902, marks a dis- 
tinct step in advance in the relations of engineering societies to the 
progress of engineering in this country. To be sure, the province of 
the special committee appointed in accordance with its provision was 
limited to one particular engineering problem, that of high-tension 
power-transmission. This problem, however, is of so varied an aspect, 
involving great variety of conditions and many related problems in 
electrical and structural engineering, that the area covered is • of 
necessity a large one. Very wisely, as it seems to the writer, the 
committee appointed to consider the question adopted two methods 
for securing information. The first was to send out printed lists of 
questions to the various transmission plants in the country, with a 
request that answers to the questions be filled in and the lists returned. 
In addition to this, discussions oti chosen topics were instituted at 
stated meetings of the American Institute of Electrical Engineers, 
being preceded on each occasion by an introductory paper given by 
some member of the Institute of prominence in transmission work. 

The results of both these methods are given in a volume of 466 
pages, something less than one hundred of which are concerned with 
the replies to questions of the printed lists. The introductory papers 
are twenty-five in number, and these, with the accompanying dis- 
cussions, involve contributions by more than one hundred of the prom- 
inent engineers in the United States. The mechanical construction of 
transmission lines, the problems involving choice and arrangement 
of apparatus for the successful operation and maintenance of the sys- 
tem, and devices for its protection are some of the more important 
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topics discussed. The result is eminently satisfactory, and the volume 
is of great value as giving- in compact form a very considerable amount 
of valuable information on high-tension power-transmission. If there 
is one criticism which the writer feels may be offered, it is that there is 
very little expression concerning actual troubles which have been met 
with by the operating engineers, although the frank expression of one's 
difficulties, perhaps, ought not to be expected before the millennium; 
yet it would be of the greatest value to have a volume of " troubles " 
published under the auspices of our engineering societies. The volume 
is well indexed, both as to subjects and authors. 

H. E. Clifford. 



Food Analysis^ 



In the second edition of this well-known book the general plan and 
scope of the work remain as before. The volume is not greatly altered 
in size, but many changes have been made in the subject-matter with 
a view to keeping pace with progress in the field of food analysis — a 
field in which, as the authors well say, American work is rapidly becoming 
the leader. 

The new matter which has been added includes new processes for 
the detection of natural colors used as substitutes for the fruit and ^gg 
colors; improved methods for the detection of formaldehyde and sac- 
charin ; rapid methods for the rputine examination of vanilla and lemon 
extracts, and for the estimation of fat in condensed milk and in cereal 
foods ; analytical data concerning fruit juices, jams, and jellies ; and the 
detection of palm oil in oleomargarine. Many minor changes and 
improvements in processes have been made. 

The methods described have been very largely brought up to date, 
and the selection, necessary in a work so largely a compilation, has been 
judiciously done in most cases. Naturally some things will be looked 
for in vain. It would have seemed better, perhaps, to give in greater 
detail the use of the refractometer, an instrument now in daily use in 
every laboratory concerned with food analysis. The new immersion 
refractometer, which is certain to prove of the greatest usefulness in 



1 Select Methods in Food Analysis. By TIenry Leflmann and William Beam. Second 
edition. Philadelphia: Blakiston*s, 1905. $2.50. 
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this work, is dismissed with a line or two. The directions given for 
many of the processes appear suggestive rather than based on actual 
experience in laboratory practice. 

Considerable improvement is noted over the previous edition in 
regard to the matter of references. The number of these given is 
nearly doubled. It is a matter of regret, however, that the authors 
did not see fit to go still further. It is, too, somewhat amusing to 
note the strenuous efforts of the authors to avoid any mention of the 
Babcock test for fat in milk, so largely used in this country. 

In the reviewer's opinion the book is one which will prove helpful 
not so much to the student as to the chemist engaged in actual work 
in food analysis. For him it offers a mass of information given in 
concise form. It provides for the busy worker all necessary data with- 
out the setting of needless information so often found in books of 
reference. In a word, it is a book for the practical worker, and the 
appearance of a second edition in so short a time is evidence that it 
has fulfilled its purpose. 

A. G. Woodman. 



The Constitution of Hydraulic Mortars ^ 

This is a translation of the paper publi»shed by Dr. Le Chatelier in 
the Anfiaics des Mifics for 1887, in which he made a complete study 
of the setting and hardening of Portland cements and hydraulic limes. 
Preliminary to the study of these materials is a"study of the phenomena 
connected with the setting of plaster of Paris and of the silicates of 
barium. 

Part first is concerned with the subject of plaster. It gives an 
historical rhunu^ of the study of the phenomena which take place in 
the calcination of plaster and of its setting, crystallization, and harden- 
ing. The result of this indicates **that the crystallization which accom- 
panies the hardening of mortars results from the difference in solubility 
of the bodies which set and those which are formed during the set ; the 
former occurring in a state of unstable equilibrium in the presence of 



^Experimental Researches on the Constitution of Hydrauhc Mortars. By Henri 1^ 
Chatelier. Translated from the French by Joseph Lathrop Mack. New York : McGraw 
Publishing Co., 1905. 12S pp., 8vo. 
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water, and being able to exist there only momentarily." A similar 
study was made of the silicates of barium. 

The main body of the work is concerned with cements and hydraulic 
limes. It was in this paper that Le Chatelier, after studying the hydrau- 
lic properties of the various silicates and aluminates of lime, gave the 
ratios of the lime, magnesia, silica, and alumina in Portland cements 
which have been so largely quoted in works upon the subject. 

The work is more of a chemical than of an engineering character, 
but it will be found instructive by all engineers who are interested in 
a detailed study of the constitution of cements and of the phenomena 
of setting and hardening. 



The Berlin-Zossen Electric Railway Tests of 1903^ 

This book is of value to both civil and electrical engineers. It will 
be recalled that the high-speed tests on the Berlin-Zossen line were 
discontinued a few years ago because the track was found inadequate 
and required reconstruction; after this reconstruction was complete 
further tests were made, of which this volume gives the result. 

The points at issue were, first, to determine the feasibility of 
supplying adequate power to a train moving at high speed ; second, 
to ascertain the actual power required at such speeds ; and third, to 
investigate the construction of roadway and rolling stock necessary 
to make such speeds safe. Experiments were made with reference to 
the proper form of trolley, and as a result the side-bearing triple-bow 
trolleys were used, designed in a very ingenious way. The results 
indicate that the apparatus, as finally perfected, is able to take off 
without trouble ample current for operating up to 120 or 130 miles 
per hour. 

The determination of the power required for very high speeds was 
a very important object of the tests, since the train resistances at such 
high si)ceds were very imperfectly known. It was supposed by many 
that the air and track resistances would rise very rapidly, and indeed 
the whole subject was involved in much uncertainty. The tests have 



1 The Berlin-Zossen Electric Railway Tests of 1903. Translated by Franz Welz, with 
an introduction on the general subject of train resistance by Dr. Louis BelL New York: 
McGraw Publishing Co., 1905. 58 pp., 38 plates, 410. 



Concrete^ Plain and Reinforced 443 

gone far towards clearing up these points, and in this connection the 
admirable introduction by Dr. Louis Bell is of much interest to engi- 
neers. The electrical details of the tests will be found very interesting 
by electrical engineers, while civil engineers will be interested in the 
construction of the roadbed, which was found most satisfactory. The 
rails were about 40 feet long, weighing 82 J pounds per foot ; eighteen 
ties were used per rail, and the curves had a radius of 2,000 meters, 
with an elevation of outer rail of a little over 3 inches. The effect upon 
the resistance of pointed noses on the head of the train was studied. 

The detailed results of the tests and the description of the measur- 
ing instruments employed will be found of much interest and value. 
The work is a distinct contribution to our knowledge with reference 
to high speed traction. 



Concrete, Plain and Reinforced^ 

This book is a veritable encyclopedia relating to concrete. In it 
will be found information on every important matter connected with the 
subject. It is the result of an enormous amount of work in collating 
information from other works and periodicals, and the material so col- 
lated has been well digested and is presented in an attractive and inter- 
esting form. It is the result of long study and investigation, especially 
on the part of Mr. Sanford E. Thompson, an Institute graduate of the 
class of 1889, and all Institute men should be proud that one of our 
alumni has distinguished himself by such an important contribution to 
engineering literature. 

It is difficult to specify further with reference to this work, for it 
literally contains all the information of value at present available. It is 
well illustrated, accompanied by numerous diagrams, and at the end 
is an index of periodical literature which will be found valuable. It is 
also well indexed. The work contains chapters by Mr. Newberry, who 
is well known as an authority on the chemistry of the subject, and by 
Mr. Fuller, who has done so much in forwarding the use of concrete 
and in emphasizing the importance of a mechanical analysis of the 



1 A Treatise on Concrete, Plain and Reinforced. By Frederick W. Taylor and Sanford 
E. Thompson, with chapters by R. Feret, William B. Fuller, and Sp^encer B. Newberry. 
New York: John Wiley & Sons, 1905. 571 pp. and index, 8vo. 
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materials used, in order that the result may be as perfect and econom- 
ical a concrete as possible. It also contains a chapter upon the effect 
of sea water, by Mr. Feret, who is well known as the author of an 
excellent French work on the subject. 

The subject of reinforced concrete is clearly and adequately treated, 
the data for the formulae being clearly presented and the resulting 
formulne clearly demonstrated and comixired. This portion of the work 
has been contributed by Professor McKibben. The book is one which 
no engineer can afford to be without. It is a source of satisfaction to 
learn that the work has been so well received that a new edition has 
been called for within a few months of its issue. 
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